Vol. XXXIX February, 1950 


SCIENTIFIC EDITION 


JOURNAL OF THE 
AMERICAN 


PHARMACEUTICAL 
ASSOCIATION 


Justin L. Powers, Editor 


Committee on Publications Editorial Advisory Board 
George D. Beal, Chairman L. W. Busse 

B. V. Christensen John E. Christian 
Robert P. Fischelis T. C. Daniels 

Don E. Francke L. W. Hazleton 
Hugo H. Schaefer E. J. Hughes 


H. W. Youngken, Jr. 


This issue, es 115 to 125, includes Complete Text of the Proposed Constitution 


and By-Laws of the United States Pharmacopeeial Convention 


CONTENTS OF THIS ISSUE 


A Turbidimetric Method for the Assay of Streptomycin and Its Critical Evaluation 
Elizabeth J. Oswald and Lila F. Knudsen 


The Stabilization of Ferrous lodide Syrup, N. F. VIII 67 
William J. Husa and Edward Pedrero, Jr 
Comparison of in Vitro Germicide Test Methods 7 


Morris Ostrolenk 


A Study of in Vitro Neutralization of Heparin by Thiazine, Oxazine, Phenazine, and Other Dyes 76 
Thomas J. Haley and Frances Stolarsky 

The Determination of the Toxicity of Neoarsphenamine in Rats by a Method Based on Survival-Time Sl 
M.G. Allmark and A. Lavallee 

The Synthesis of Derivatives of Methionic Acid 85 
Robert W. Elkas, John E. Christian, and Glenn L. Jenkins 

The Relationship between Estrogenic Action and Chemical Constitution in a Group of Azomethine Derivatives 7 
Hugh H. Keasling and F. Schueler 

Acute and Chronic Toxicity of Veratrum Viride 1 
Adoline S. Perdue, Frances Beil, W. R. Starnes. Philip Hitchcock, and R. S. Teague 

The Ultraviolet Absorption of Heparin Sodium ud 
Frederick K. Bell and John C. Krantz, Jr 

The Chemical Determination of Folic Acid in Pharmaceutical Preparations as 


Paimer A. Ware and Georg Cronheim 


The Assay of Red Squill Powder; an Investigation of Possible Chemical Procedures 101 
L. Kaplan, C. D. Heaton, and C. R. Noller 

Identification of Osthole in Hseh Tsuang Seed 107 
Yu-Djang Mao and Lloyd M. Parks 

Some Extraction Studies on Digitalis 109 
Robert E. King and Ole Gisvold 

A Note on Removal of Coating from Large Batches of Coated Tablets 112 
Lemuel C. Curlin 

Book Reviews 113 

U.S. P. Convention to Adopt New Constitution and By-Laws 1s 

Proposed Constitution and By-Laws of the United States Pharmacopeaial Convention 117 

A Note on the Vitamin By Activity of Oral Liver Extract 126 
Georg Cronheim and Warren Dannenburg 

Advertising Cover pages 2, 3, 4, and pp. I-VI 


Copyright, 1950, by the American Pharmace:tical Association 


No. 2 


Quickly readable, 


unaffected by 


repeated sterilization 


Clinical research makes many demands on the tech- 
nicians in charge. Speed is one of them. But speed 
without accuracy avails nothing. That's why PYREX 
brand Pipettes are designed for easy readability. The 
“Lifetime Red” graduations are permanent, part of the 
pipette body itself. ‘Lifetime Red’’ will not wear or 
chip off in long service. Tips are fabricated to give 
maximum protection irom chipping. 

Made from PYREX brand glass No. 7740, they with- 
stand repeated sterilization (wet or dry). They are un- 
affected thermally or chemically by any of the methods 
normally employed in laboratories where sterilization 
is a major factor in routine or in specialized work. 

The measuring and serological types more than meet 
the tolerances of Federal Specification D.D. V-581 in 
regard to accuracy limits. When you call your labora- 
tory supply dealer, ask for PYREX brand Pipettes! 


TECHNICAL PRODUCTS DIVISION LABORATORY GLASSWARE SIGNALWARE GLASS PIPE. GAUGE GLASSES LIGHTINGWARE OPTICAL GLASS GLASS COMPONENT 


BRAND 

« 

\ S Of 
PIPETTES. 
ee 

4 
\ 

\ 
\ 

\ 

t 

; 
| 

SS Stocked by Leading Laboratory Supply Houses 

CORNING GLASS WORKS + CORNING, N. Y. 
(re) LABORATORY GLASSWARE 


for the preparation 


of veg 


INJECTABLES 


Ir you are a manufacturer of injectables you con- 
stantly strive to achieve the utmost in perfection of 
your product. You exercise every possible control to 
insure the safety of the patient, and the confidence 
of the profession. And you seek the highest purity in 
the vital ingredients of your formula—fine chemicals. 


For nearly a half century Baker has specialized in 
developing chemical purity to exacting standards. 
Pharmaceutical manufacturers of injectables know 
that when the fine chemicals they require come from 
Baker they can always depend on them for purity to 
the decimal. 


Some of Baker’s fine chemicals for injectables are 
listed on this page. Among these, or in the Baker 
line, there is probably the right one for your formula. 


No matter what product you manufacture—if it re- 
quires one or more fine chemicals of measured purity 
—specify Baker. Address: Fine Chemical Division, 
J. T. Baker Chemical Co., Phillipsburg, New Jersey. 


Baker's Chemicais 


je i ' 
PURI 
thich of these Baker Fine Chemicals 
"fest suits your formun? 
Ammenivm Citrate Mercuric ledide (red) 
Antimony Potassivm Tortrate Mercury Cyanide 
Bismuth Swbsalicylate Silver Nitrate | 
Catteine Sedivm Benzoate 
Cokivm Chloride Sodium Chloride 
Ferric Citrate (green) Sedium lodide 
Sedivm Thiesvltate 


JoURNAL OF THE AMERICAN PHARMACEUTICAL ASSOCIATION 


Our scales have no bands or wires 
to stretch or break. High quality 


Capacity—4 oz. grams) Prescription 
light mah Scale made by 
with chrome plated parts 


Price—$1 30.00 (subject to HENRY TROEMNER 
change without notice) j — Manufacturer of the Finest 
PROMPT DELIVERY Scales for the Druggist 
on this as well as other class A : 2, = Since 1840 
scales 911 Arch Street 
ay 35 (all glass in tial ’ Philadelphia 1, Pa. 
No. W33 75.00 . (Send for Circular) 


DETROIT COLLEGE OF PHARMACY AND CHEMISTRY 
A co-educational institution offering degree courses in Pharmacy (B.S. Pharm.) and Chemistry (B.S. Chem.) 
Graduation from an accredited High School or the equivalent is required for admission 
Applicants not candidates for a degree may enroll as special students for courses in BIOLOGY, CLINICAL 
LABORATORY METHODS, BACTERIOLOGY, and others, provided evidence of prerequisite credit is pre- 
sented. Each year through the co-operation of the College, the alumni, and Detroit pharmacists, many students 
are placed in part-time positions Write for catalog 


FULLY ACCREDITED REHABILITATION TRAINING FOR RETURNED VETERANS 


DETROIT INSTITUTE OF TECHNOLOGY 
2020 Witherell Detroit 26 Michigan 


The Massachusetts College of Pharmacy 
Longwood Avenue, Boston 


Graduate study in Boston has always appealed strongly to students in 
the field of medicine and public health. The environment is stimulating 
and attracts students from all parts of the world. Library, laboratory, 
hospital, and other facilities for graduate work are outstanJling in this 
area 
The Massachusetts College of Pharmacy is located in a great medical and educational center 
It offers unusual opportunities to graduates of colleges of pharmacy who are interested in fur- 
ther study in pharmacy, pharmaceutical chemistry, and pharmacognosy. A few fellowships are 
available 


For additional information, write to HOWARD C. NEWTON, Dean. 


B.Sc. degree courses in Pharmacy, Chemistry, Biology and Bacteriology 

offer opportunities for interesting and successful careers. Graduate 

studies lead to M.Sc. and D.Sc. degrees. Coeducational. Write for cata- 
log to the College. 


Philadelphia College OF PHARMACY AND SCIENCE 
43rd St., Kingsessing & Woodland Aves., Philadelphia 4, Pa. Founded 1821 


Published by the American Pharmaceutical Association under supervision of the Committee on Publications with the 
pproval of the Council Publication office, 20th and Northampton Sts., Easton, Pa. Editorial office: Scientific Edition 
2215 Constitution Ave., Washington 7, D c 

Annual Subscription—-Journal of the American Pharmaceutical Association, complete (both editions): United States 

and Pan America, $7.00; Canada, $7.70; other foreign, $8.00; members of the American Pharmaceutical Association with 
dues, $4.00 Each edition, Scientific Edition or Practical Pharmacy Edition: United States and Pan America, $4.00; Canada 
$4.35; other foreign, $4.50. Single numbers, either edition: United States and Pan America, $0.35; Canada, $0.40; other 
foreign, $0 50 

Claims for missing numbers will not be allowed (1) if received more than 60 days from date of issue, (2) if loss was due 

to failure to give 30 days notice of change of address, or (3) if reason for claim is ‘missing from files.’ 

Entered as second-class matter January 23, 1917, at the Post Office at Easton, Pa, under the act of March 3, 1879, as 
24 times a year; Scientific Edition monthly on the fifth, Practical Pharmacy Edition monthly on the 20th Acceptance for 

mailing at a special rate of postage provided for in Section 1103, Act of October 3, 1917, authorized July 19, 1918 


Robert P. Fischelis, Secretary and General Manager 


i 
¥. 
Db 
wee 
7 —— 
274 


ScIENTIFIC EDITION 


NOTICE TO AUTHORS OF PAPERS 


Manuscripts.—-All manuscripts submitted to the 
Editor or presented to the Sections of the Assoc1a- 
TION should be ready for pubiication, typewritten 
with double spacing on one side of good quality 
paper 8.5” x 11” in size and with 1” to 1.5” margins. 
In addition to the original typewritten copy one or 
more carbon copies should be submitted in order 
to facilitate examination by members of the Editorial 
Advisory Board or other referees. Each manuscript 
should be accompanied by an abstract of not more 
than 250 words including a summarization of con- 
clusions and recommendations. All pages in manu- 
scripts, including tables but not figures, should be 
numbered consecutively. Previously published and 
readily accessible procedures which have been 
followed in experimental work should not be made 
a part of the manuscript, but should only be referred 
to by appropriate literature references. 


Form of Presentation.—-Titles of manuscripts 
should be kept as short as possible and preferably 
restricted to one line. The name of the laboratory 
in which the work described was done should be 
placed in a footnote at the end of the first page. 
Each manuscript should begin with one or more 
introductory paragraphs indicating the intention 
and meaning of the investigation and the method 
of procedure. The introduction should be followed 
by a report of the essential details of the experi- 
mental work, and a discussion or interpretation 
where necessary. Finally there should be a brief 
summary of conclusions and recommendations. 
Authors may find it helpful to arrange manuscripts 
to conform to the style of presentation as illustrated 
in papers on analogous subjects published in recent 
issues of JOURNAL. 

In preparing manuscripts for publication in Tus 
JOURNAL center headings should be avoided so far 
as possible. Side headings followed by a period 
and dash should be indented and run into the part 
of the text to which they apply. Such side headings 
may be used as freely as desired. Literature cita- 
tions should be numbered consecutively in order of 
appearance in the manuscript and should be indi- 
cated by full-sized Arabic numerals enclosed in 
parentheses. If a literature reference is cited more 
than once in a manuscript subsequent citations 
should be indicated by the first number assigned, 
References to footnotes throughout the text should 
be numbered consecutively by superscript Arabic 
numerals, but such references in each table should 
be designated by superscript lower case letters 
beginning with “‘a"’ and continuing in natural order 
Literature citations should be grouped at the end of 
the manuscript under the heading “References.” 
The citations should be numbered consecutively 
with full-sized Arabic numerals enclosed in paren- 
theses corresponding to the numbers used in the 
text. The names of all periodicals cited in the list 
of references must be abbreviated in accordance 
with abbreviations given by Chemical Abstracts in 
its ‘List of Periodicals Abstracted.”” The sequence 
followed in the citations must be as follows: 


(1) Doe, J. B., Am. J. Physiol., 79, 289 (1927) 


References to books should be in the order given, 
(1) author's surname and initials, (2) title of the 
book, (3) edition, (4) name of publisher, (5) place 
of publication, (6) year of publication, (7) volume, 
and (8) page number. A complete book reference 
may be illustrated as follows: 


(1) Gilman, H., “Organic Chemistry,” ed. 2, 
John Wiley and Sons, New York, 1943, vol. 2, pp. 
1236, 1252. 


Arabic numerals must be used to designate all 
definite weights, measurements, percentages and 
degrees of temperature unless occurring at the 
beginning of a sentence, in which case the numeral 
and measurement are spelled out. Periods of time 
should be written in words. Unusual characters 
and Greek letters should be written plainly and 
legibly or should be explained by notes on the 
margin of the page. Fractions should be written 
with a slant line. Standard abbreviations should 
be used whenever weights and measures are stated 
in the metric system, e.g., 10 Gm., 2.5 cc., ete. 
The forms to be used are: cc., Kg., Gm., mg., mm., 
em., L. and M. 

Figures.-—All drawings should be made in India 
ink preferably on white tracing paper or cloth. If 
coordinate paper is used it must be printed in blue 
only. Original drawings are preferable, but clear, 
well-prepared glossy photographic prints are ac- 
ceptable. The size of illustrations should not exceed 
the 8.5” x 11” manuscript size. They should be 
designed for reduction to the width of one column 
(2.75") or full page width (5.5"). Thus, height 
rather than width should be accentuated where 
possible. Legends and explanatory material should 
so far as possible be submitted for setting in type 
below or at the sides of the drawings rather than 
requiring the reproduction of hand lettering which 
may not print well from cuts. This is particularly 
true of numbers and legends on coérdinate axes 
which can best be set in type by the printer. Such 
legends and numbers should be indicated in pencil 
outside the axes. Number and titles of figures 
should be placed below the drawings or collected 
on a separate sheet. All illustrations must be 
marked on the margin or back with the name of the 
author and a brief title of the article sufficient for 
identification. All figures submitted should be re- 
ferred to in the text of the manuscript and the 
approximate position in which they should be set 
must be indicated by the author. All figures ac- 
companying a manuscript must be numbered con- 
secutively with Arabic numerals, e.g., Fig. 1, Fig. 2, 
etc. Kymograph tracings should not be submitted 
with the original experimental legends which are 
likely to have been hastily or carelessly inscribed. 
A better procedure is to type the legend on white 
paper with a black ribbon and paste it in the appro- 
priate position. 

Tables.—Tables should be carefully constructed 
so that the data presented may be understood 
easily. The indiscriminate use of tables should be 
avoided. Tables should be so constructed as to 
occupy fully a single column (2.75") which will 
take about 40-50 characters and spaces. Tables 
which require two columns are also acceptable. 
Interpretive statements should not be written on 
the body of a table but should be explained in 
footnotes. Column heads should be made as small 
as possible and standard abbreviations should be 
used liberally. Data which may easily be deduced 
by simple arithmetic from data in another column 
should not be included. All tables should be referred 
to in the text of the manuscript and the author 
should indicate as nearly as possible the positions 
in which the tables should be set. It is not neces- 
sary to place tables on separate sheets, and in fact 
it is preferable to intersperse them in the manu- 
script. Tables should be numbered consecutively 
using Roman numerals. The table number and the 
title should be placed in a continuous heading above 
the data presented. The preparation of a clear and 
concise table of data requires much planning and 
infinite care. 
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A Turbidimetric Method for the Assay of 
Streptomycin and Its Critical Evaluation* 


By ELIZABETH J. OSWALD} and LILA F. KNUDSEN{ 


A turbidimetric method for the assay of strep- 
tomycin is described. A statistical analysis 
of the factors entering into the test is pre- 
sented. A nomograph and formula for the 
determination of the standard error of the 
assay are included. The turbidimetric assay 
method described is believed to be somewhat 
more precise than the B. subtilis plate assay 
method. 


We the present demand for streptomycin 

pushing the production curve for this anti- 
biotic sharply upward, improved methods to in- 
sure the quality and uniformity of the product are 
being sought constantly. The assay methods 
generally followed today are similar to, and based 
upon, those used in the potency testing of penicil- 
lin. The method described in this paper, for in- 
stance, is a variation of a turbidimetric assay 
technique developed by McMahan in 1944 (1). 
In idea and application it is also somewhat like 
the method described by the English worker 
Green in 1946 (2). At present there are in use 
other methods (3) which are, perhaps, better 
adapted to the assay of crude beers of strepto- 
mycin and to following the activity throughout 


* Received August 26, 1949, from the Federal Security 
Agency, Food and Drug Administration, Washington, D. C 

+ The authors wish to acknowledge the technical assist- 
ance of Mary A. Krasny and Jean K 
material used in this paper 


Nielsen in compiling 


the fermentation process. For potency deter- 
mination of the finished product, however, this 
method, developed by this laboratory and pub- 
lished in the Federal Register of April 4, 1947, has 
been found by us to be simple, time-saving, and 
accurate to well within the usual limits of error of 
the biological assay. 


PROCEDURE 


Maintain the test organism, which is Klebsiella 
pneumoniae (PCI 602) on plain nutrient agar, pH 
7.0. Transfer the stock cultures every two weeks. 
At the time of transfer make a culture suspension in 
the following manner: 

Transfer the organism to fresh agar slants and in- 
cubate at 37° for six hours. Suspend the growth 
from two or three of these slants in sterile distilled 
water, and add approximately 5 ml. of culture sus- 
pension to each of two Roux bottles containing ca. 
300 ml. of nutrient agar. Incubate the bottles for 
six hours at 37°, harvest the growth, and suspend in 
sufficient sterile distilled water to give a predeter- 
mined light transmission reading on a standard 
make colorimeter.' Keep the resulting suspension of 


' The light transmission reading of 75%, determined in this 
laboratory on a Lumetron, Model 400, using a red filter, 
6500 A., is an arbitrary one, but has been used consistently 
in the standardization of successive culture suspensions 
The amount of culture suspension used per ml. of broth will 
obviously vary somewhat, depending on the L. T. reading, 
instrument, and filter used. The optimum amount should 
be determined in each laboratory. 
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organisms in the refrigerator and use for a period of 
time not to exceed two weeks. Prepare a daily 
inoculum by adding ca. 6.5 ml. of this suspension 
to each 100 ml. of broth? which has been previously 
cooled to a temperature of approximately 10°. 

Preparation of Standard.—Keep the working 
standard, which may be obtained from the Food and 
Drug Administration, at room temperature in a 
tightly stoppered vial. This, in turn, is kept in a 
larger stoppered vial containing anhydrous mag- 
nesium perchlorate. Weigh out an appropriate 
amount of this standard (which has a potency of 
800 wg./mg. on a moisture-free basis) and dissolve 
the weight obtained in 0.05 M potassium phosphate 
buffer (pH 6.0). Keep the stock solution (concen- 
tration 1000 ug./ml.) at a temperature of about 15°; 
do not use later than thirty days after it is made. 

Add the 1000 ug./ml. amounts of standard stock 
solution, indicated in Table I, to 100-ml. volumetric 
flasks containing sterile distilled water and bring to 
volume to give the working stock solutions tabulated 
in Table I. Stopper these nine flasks tightly and 
maintain at approximately 10° for one month. Pre- 
pare final dilutions daily by adding 2.1 ml. of each of 
the nine working stock solutions to 4.8 ml. of sterile 
distilled water. Add 1 ml. of each final dilution to 
each of six 14 x 124 mm. tubes (total 54 tubes). 
The final concentration of streptomycin per ml. of 
broth is also included in Table I. 


Taste I 


Final Conc. 
after 
Adiition of 
Distilled 
(1000 Per Cent Water and 
ug./M1.), Conc.), Broth, 
Ml. 

6. 60 1.8 

70 

80 

100 

110 

120 

130 

140 


Working 
Conc./ M1. 


(also 


Amount of 
Standard 
Solution 


m CoCo Co to bo 


Preparation of Sample.—Dilute the sample under 
test with sterile distilled water to contain 100 yug./ 
ml. (on the basis of the manufacturer’s claimed 
potency). To 2.1 ml. of the sample add 4.8 ml. 
sterile distilled water. Add 1 ml. of this dilution to 
each of six 14 x 124 mm. tubes 

Addition of Culture, Incubation and Reading of 
Tubes.—-Add 9.0 ml. of the inoculated broth de- 
scribed above to each tube of standard and unknown 
solutions and place all tubes immediately in a 37° 
water bath for four hours. After incubation add four 
drops of formalin to each tube and read the per cent 
light transmission in a photoelectric colorimeter. 

The following special apparatus is used in the per- 
formance of this test 

Lumetron colorimeter-—-Model 400—standardiza- 

tion of culture suspension 

Colorimeter equipped with constant voltage 

transformer and special automatic emptying 
cell —reading of test 


* Penassay Broth (Difco). 


Automatic pipettes (hand-operated)—rapid de- 
livery of constant volumes of streptomycin 
dilutions and inoculated broth. 

Constant temperature water bath. 

Copper racks, 12 by 12 inches, constructed to hold 
one hundred forty-four 14- x 124-mm. test 
tubes. 

Flat galvanized iron trays 12'/, by 12'/, inches for 
covering tubes during incubation period. 


Discussion of the Procedure.—In an attempt to 
minimize the day-to-day variation of the test, an 
organism suspension, rather than a daily broth cul- 
ture, is employed as the source of inoculum. Al- 
though the suspending medium is sterile distilled 
water, this organism was found to maintain vitality 
at refrigerator temperature for a full two-week 
period, with a very inconsiderable lessening of 
vitality in three to four weeks. In preliminary work, 
a suspension medium, incorporating minute amounts 
of CaCh, MgSO,, and FeCl; in phosphate buffer, was 
tried simultaneously with the distilled water. Plate 
counts were made daily on the two suspensions for a 
period of a month. This was repeated for a second 

There was no detectable 
lowering of the viable count within a two-week 
period in either medium, and since the buffer 
preparation offered no advantage, it was discarded. 

The organism used in the test grows very rapidly. 
It is kept, therefore, at a low temperature until 
actually pipetted into the test tube. Automatic 
pipettes of some type should be used to minimize the 
time lag between the filling of the first and last tubes. 
The tubes are then brought to body temperature 
simultaneously, preferably in a water bath, because 
of the more rapid dissemination of heat through the 
tube. 

Estimation of Potency and Standard Error of the 
Assay.—Average the six light transmission readings 
for each concentration of the standard. Plot these 
values on cross-section paper, employing light trans- 
mission readings as the ordinate and streptomycin 
concentration per ml. of broth as the abscissa. Pre- 
pare the standard curve by connecting successive 
points with a straight edge. Since the final concen- 
tration per ml. of broth is equivalent to the concen- 
tration per ml. of the working stock solution (Table 
I), the latter concentrations for each concentration 
level of the standard may be expressed as per cent 
and substituted on the abscissa of the standard 
curve. If this is done, the per cent potency of the 
sample under test may be read directly from the 
standard curve. 

It is important to know the degree of accuracy of 
any particular assay as well as the degree to which 
an assayist can duplicate his result in another assay 
when using the same material and method. At 
times there are factors affecting the media, the bac- 
teria, or other variables involved in the assay so that 
the variation of the individual tube results from the 
standard curve? is greatly increased, thus decreasing 


* An unsuccessful attempt was made to find a transforma- 
tion which would linearize these curves, at least over most of 
the range. An approximation to the curve is obtained by 
connecting the observed points with straight lines. In view 
of the lack of a linearizing transformation, a method of esti- 
mating the standard error of the assay is suggested It has 
been found to work very well at this laboratory, although 
there may be instances in which it may slightly underestimate 
the actual value. This substitute method is inefficient in 
that it does not utilize all of the information available on the 
standard curve in determining the potency and the standard 
error of assay of any one unknown. 
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ScrENTIFIC EDITION 


TURBIDIMETRIC RESPONSE 


60 100 120 140 
CONCENTRATION AS PERCENT OF STANDARD 


Fig. 1 —Standard Curve for Turbidimetric Assay of 
Streptomycin. 


the reliability of the result obtained from that assay. 
It is important to know the degree of confidence one 
can assign to any particular potency estimate. The 
standard error of the assay gives an estimate of this 


Vv Z b 


40;- - 2 


30 


20 
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St. Error Q 
1 of Assay b 


VZb RQZ beara 


and V=2U-S,-S, 


where R=Ry+R,+R, 
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and can be calculated from the formula or from the 
nomograph (Fig. 2). The standard error of the 
assay can be used to calculate approximate confi- 
dence limits for the potency; in other words, the 
limits between which one would expect a certain per- 
centage of repeated potency estimates to lie, when 
these estimates are from assays run on the same sub- 
stance at the same laboratory. In order to calculate 
the limits within which one would expect about 95° 
of the repeat assays to occur, multiply the standard 
error of the assay by two and add this product to the 
potency toobtain the upper limit. Subtract this same 
product from the potency to obtain the lower limit. 
Only about one assay out of 20 will occur outside the 
limits: potency +2 times the standard error of the 
assay; and approximately one assay in 100 outside 
the limits: potency +3 times the standard error of 
the assay. 

An example will illustrate the calculation of the 
potency from the standard curve and the calculation 
of the standard error of the assay by means of the 
nomograph. Figure 1 shows the standard curve for 
the data given in Table II and the individual re- 
sponses to the unknown and various levels of the 
standard. The estimated potency of the unknown, 
as read from the curve, is 99.5% of the standard. 

To calculate the standard error of the unknown, 
determine the two average responses on the standard 


Standard Error 


of Assay 
10 


| 


3h 


Fig. 2.—Streptomycin Turbidimetric Assay. Nomograph for Estimating Standard Error of Assay. 
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%, Standard 
140 


Unknown 


curve, between which the response to the unknown 
lies. Label the higher of these two standard re- 
sponses, S# and the lower Sz. In this example Sy = 
56.0 and S, = 37.6 and U (the response to the un- 
known) = 55.1. Determine also the range of the 
individual tube responses to each of these. (The 
range is the difference between the highest and low- 
est individual response.) Call these Ryu, Rx, and 
Ru, corresponding respectively to the ranges ac- 
companying Sa, Sz, and U. Here Ra = 7, Rt = 7, 
and Ry = 10. 

To enter the nomograph, the values of V, 6, and 
R are needed to determine the standard error where: 


2U — Sa — St 
b = Su — St 
R = Ru + Ra + Rt 


For this assay 


110.2 — 56.0 — 37.6 = 16.6 
56.0 — 37.6 = 18.4 
100+7+7=24 


On the set of seales on the left, enter 16.6 on the 
V seale, 18.4 on the b scale, and connect these points 
with a straight line. The line intersects the Z scale 
at 1.94. Enter Z’ (1.94) and R (24) on the right and 
draw a line joining these points. This line intersects 
Q at 44. Join this point Q with } (on the left-hand 
side) at 18.4 and draw another line. The line inter- 
sects the error scale at 2.40, which is the standard 
error of the assay 

Potency = 99.5 and standard error of assay = 
2.40. Thus, only about one time in 20 replicate 
issays on this same unknown would one expect a 
potency result outside the limits 94.7 to 104.3 (Le., 
99.5 » 2 times 2.40) and only about one time in 
100 beyond the limits 92.30 to 106.70 (i.e., 99.5 = 3 
times 2.40). 

The standard error of the assay can also be calcu- 
lated from the formula :* 


0.98 
Standard Error of the Assay = — +(V?/b*) 


If V is approximately equal to zero (ie., if the 
response to the unknown is halfway between Sa and 
Sx), then the formula for the standard error of the 


issay reduces to 


‘ The use of the range as a measure of variation in these 
formulas is an approximation which has only little loss of 
efficiency when the range of less than 12 observations is 
used (4, 5). 


Average 
Response 
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TABLE III 


Average 
Calculated 


Standard Standard 


: No. of Deviation Error of 
%, Standard Potencies of Potencies the Assays 


140 3.84 .23 
130 3.24 .16 
120 52 5.00 
110 59 3.57 
100 51 
90 07 
80 69 
70 


tom 


Ro + Ru + Rt 
Su — St 


R 
= 1.14 — 
b 


Standard Error of the Assay = 1.14 


Evaluation of Actual Standard Error of the 
Potency.—In order to evaluate the actual repro- 
ducibility of the method as compared to the standard 
error of the assay, a series of ‘“‘supposed"’ unknowns 
was run at the Food and Drug Administration 
laboratories over a period of one month, and a series 
run in a commercial laboratory, using the same 
method. Actually, these were known dilutions of the 
standard, ranging from 70°, to 130%. The results 
for the Food and Drug Administration laboratories 
are shown in Fig. 3, wherein each vertical line for a 
single-known potency represents a day and the 
estimated potency from that day’s assay is plotted as 
a dot on the appropriate point on the vertical scale 
The actual potency is represented as a horizontal 
line and the confidence limits for P = 0.05 are repre- 
sented by horizontal dotted lines. These limits are 
calculated by using the standard deviations of the 
potencies. Analyses of results obtained from a com- 
mercial laboratory showed close agreement with the 
results from this laboratory. 

The standard deviations calculated from this 
series of potencies, compared in Table III with the 
average standard error of the assays, show that there 
is close agreement between the two ways of estimat- 
ing the standard error of the assay on these two 
series of data. In other words, one is quite justified 
in saying that the standard error of the assay can be 
used to predict the extent to which the potency can 
be checked at the same laboratory. For instance, if 
an unknown were found to have a potency of 88 and 
(confidence limits) = 3, it is possible to say that 
only 1 time in 20 would a repeat assay show a 
potency value greater than 94% or less than 82% 
fi.e., 88 + 2(3) and 88 — 2(3) %.] 
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ScrenTiFic EpITION 


EVALUATION OF THE FACTORS INVOLVED 


An evaluation was made of factors causing varia- 
tions in this assay, such as different operators, dif- 
ferent batches of broths, different weighings of the 
same substance, and different days on which the 
assays wererun. Five different weighings were made 
on the standard and used as unknowns A, B, C, D, 
and E in the assays. Four broths were used (I, II, 
III, and IV). Two operators ran each unknown on 
two different days for the same broth. These factors 
may thus have been confounded with other factors 
such as varying conditions in the laboratory. Tem- 
perature may have been one of these, since the experi- 
ments were run in the summer months. Table IV 
shows the results of this designed experiment. 

An analysis of variance technique showed that 
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both the differences between broths and the dif- 
ferences between weighings were statistically sig- 
nificant but that neither the differences between 
operators nor those between days were significant. 
The variations to be expected between potency re- 
sults at the same laboratory under different con- 
ditions can be estimated from this experiment. The 
standard error of the assay calculated from this ex- 
periment as a combination of the several variance 
components is 5.09. 

The generalized analysis of variance procedure is 
explained in such statistical texts as those of Snede- 
cor (6) or Rider (7). The method of using variance 
components for estimating a standard error which 
takes into account all the assignable causes of varia- 
tion is given on page 228 of Snedecor (6), and on page 
35 of Tippett (8). 


AVERAGE POTENCY 
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Fig. 3.—Control Chart—Streptomycin Turbidimetric Assay F.D.A. Potencies and 3 Confidence Limits. 


TABLE 1V.—RESULTS OF EXPERIMENT TO EVALUATE THE Factors INVOLVED 
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Tas_e V.—PLATe AND TuRBIDIMETRIC RESULTS OsTAINED BY Foop AND DruG ADMINISTRATION AS A 
PERCENTAGE OF THE MANUFACTURERS’ ASSAY 
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COMPARISON OF MANUFACTURERS’ 
RESULTS 


Record was kept for eleven months of the turbidi- 
metric and B. subtilis plate assay results on every 
sample of streptomycin received by the Food and 
Drug Administration from the manufacturers and of 
the manufacturers’ estimates of the potency of the 
batch. These figures comprised some 1000 assays. 
Bulk lots were not included, since material from 
these samples had to be weighed out for assay and 
therefore test conditions would not have been com- 
parable. The results on the (approximately) 1000 
lots were then converted to a comparable basis by 
calculating the turbidimetric and plate results as a 
percentage of the manufacturers’ results on each lot. 
Table V shows the average and standard deviations 
of these converted results 

The average shows the extent to which the Food 
and Drug Administration’s assay agrees with the 
manufacturers’ assay and reflects the accuracy of the 
assay. Note that in some cases there is almost per- 
fect agreement, such as Manufacturers G and B, 
while in other cases there is less agreement, such as 
Manufacturers C and E. The standard deviation 
gives a measure of the variation found; it gives a 
measure of the precision involved. Note that these 
standard deviations are larger than those in Table 
III for assays at one laboratory. 


SUMMARY 


A turbidimetric method for the assay of strep- 
tomycin has been presented, with a statistical 
analysis of the factors entering into the test it- 
self. A nomograph and formula have been given 
for the determination of the standard error of the 


assay. Analyses have been made of results ob- 
tained in the Food and Drug Administration 
laboratories and in commercial laboratories, 
utilizing these means of obtaining the standard 
error. Comparisons have been made of the Food 
and Drug Administration’s B. subtilis plate 
method and the turbidimetric assay results with 
those of the manufacturers on a large number of 
regularly submitted samples. 

On the basis of these studies it may be said that 
the standard error of the assay, as here deter- 
mined, may be used to predict the extent to which 
the potency of material can be checked at the 
same laboratory. It may be said further that, on 
the whole, the Food and Drug Administration's 
assay figures are slightly lower than those of the 
manufacturers and that the turbidimetric method 
is somewhat more precise than the B. subtilis 
plate assay method in our hands 


REFERENCES 


(1) McMahan, J. R., J. Biol. Chem., 153, 249-258(1944). 

(2) Green, C. A., J. Path. Bact., 58, 559-563(1946). 
ase Joslyn, D. A., and Galbraith, M., J. Bact., $4, 26 

947) 

(4) Kaoudsen, Lila F., “Statistics in Micro-biological 
Assays,"’ Proceedings of the New York Academy of Sciences 
(in press) 

(5) Mosteller, Fredrick, and Tukey, John W., “Practical 
Applications of a New Theory,” Part I, Industrial Quality 
Control, Vol. VI, No. 2, September, 1949 

(6) Snedecor, G. W., “Statistical Methods,” 4th ed., The 
Iowa State College Press, 1946 

(7) Rider, P. R., “An Introduction to Modern Statistical 
Methods,”’ John Wiley & Sons, 1939 

8) Tippett, L. H. C., “Statistical Methods in Industry,” 
published by the Iron and Stee! Industrial Research Council 
of the British Iron and Steel Foundation, 1943 


vale 
Mfr. Dev. 
A 
B 3 
21 94.0 
han D 535 98.0 
aie E 102 96.3 4.3 96 
arr F 211 98.5 6.6 95 
G 22 100.9 7.4 10 
ie H 5 105.6 
pte I 3 90.9 
J 2 94.5 
K 4 99.2 4.5 104 
as Total 962 97.9 = 97.8 6.4 
i> 
3% 
— 


The Stabilization of Ferrous Iodide Syrup, 
N. F. 


By WILLIAM J. HUSA} and EDWARD PEDRERO, Jr. 


In 1934, Husa and Klotz developed a formula for a stable ferrous iodide syrup in 
which hypophosphorous acid was used to — liberation of iodine, and dex- 


trose rather than sucrose was used to give t 
found that some of the dextrose crystallized at refrigerator temperatures. 
preparation was also considered lacking in sweetness. 


present pa 


e€ properties of a syrup. Later it was 
The 
Research reported in the 


r shows that the disadvantages may be overcome by reducing the pro- 


portion of dextrose and adding sodium benzoate as a preservative and saccharin 


sodium as a sweetening agent. 


The resulting product shows excellent stability 


except for the appearance of a barely perceptible precipitate after six months. Other 

writers have supposed that the addition of sodium citrate to the official formula pre- 

vents hydrolysis of the sucrose but the results of the present investigation indicate 
that this is not the case. 


Is 1934, Husa and Klotz (1) developed a formula 

for a stable ferrous iodide syrup in which 
hypophosphorous acid was used to prevent 
liberation of iodine and dextrose rather than 
sucrose was used to give the properties of a syrup. 
Later it was found that some of the dextrose 
crystallized at refrigerator temperatures. It was 
also suggested that the preparation was lacking 
in sweetness (2). 

The N. F. VIII ferrous iodide syrup is notably 
The purpose of the 
present investigation was to make a study of the 
stability of the official syrup and various modified 
formulas, in order to develop a formula for a 
stable ferrous iodide syrup of satisfactory palat- 
ability. 


poor in keeping qualities. 


EXPERIMENTAL 


For storage tests, two-ounce portions of the syrups 
were placed in four-ounce prescription bottles and 
stored under various conditions, i.e., in diffused 
light, in sunlight, in darkness, in an electric oven at 
about 50°, and in an electric refrigerator at about 
6°. At definite intervals the syrups were examined 
for color, precipitation, free iodine, pH, and per- 
centage inversion of sucrose. The pH values were 
determined by means of a La Motte block compara- 
tor and color standards. Determination of the per- 
centage inversion of sucrose was carried out by the 
modified Soxhlet volumetric method based upon the 
complete reduction of a measured volume of 
Fehling’s solution (3). Several samples of each 
formula were stored under various conditions and 
the results reported are the average values 

The official syrup was prepared by the official 
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method (4) and the same general method was used 
for the modified formulas, except for the difference 
in the ingredients. The formulas used were as 
follows: 


Formula 1 
20 
60 Gm. 
5 ce. 
850 Gm. 


Distilled, Water, q.s............ 1000 ce. 


Formula 2 


Dextrose. . 
Sodium Benzoate 
Saccharin Sodium 
Distilled Water, q. s 


Formula 6 


Sucrose 

Sodium Citrate. . 

Distilled Water, q. s 
Formula 7 


Sucrose. 
Distilled Water, q. s 


‘ 
Hypophosphorous 
Sucrose... . 
7 
Distilled Water, q.s........... 1000ce. 
Formula 3 
Hypophosphorous Acid. ....... 5 cc. 
Distilled Water, q.s........... 1000 ce. 
Formula 4 
700 Gm. 
Distilled Water, q.s............ 1000 ce. 
Formula 5 | 
60 Gm. 
Hypophosphorous Acid........ 5 ce. 
600 Gm. 
0.8 Gm. 
0.8 Gm 
20 Gm. 
Hypophosphorous Acid pecs 5 ce. 
... 850 Gm. 
5 Gm. 
.. 1000 ce. 
Iron ey 20 Gm. 
lodine 60 Gm. 
67 
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Formula 8 
Iodine 
Citric Acid 


Iron... 

Hypophosphorous Acid. . . 

Dextrose 

Glycerin. .... 

Distilled Water, q.s............ 
Formula 10 


Iron 

lodine. . 

Sodium Hypophosphite. . . . 

Sucrose 

Distilled Water, q. s........ 
Formula 11 


Iron 

lodine 
Lactic Acid. 
Sucrose 


Iron Gm. 
Hypophosphorous Acid. . . 5 ce. 
Sodium Phosphate Gm. 
Sucrose Gm. 
Distilled Water, q.s............ ce. 


Taste Test.—A taste test was conducted on 42 
persons in order to determine how much saccharin 
sodium was needed in Formula 5 to equal or exceed 
the official formula in palatability. Tasters were 
furnished with 10 to 15 cc. of each solution in num- 
bered beakers, with no clue as to the identity of the 
solutions. Each solution was held in the mouth for 
approximately the same time interval of five 
seconds. 


DISCUSSION 


Formula 1.—This is the N. F. VIII formula. The 
official syrup has a pH of 1.2 at the time of prepara- 
tion, dropping to 0.6 after one month and then re- 
maining unchanged after six months. More than 
one-third of the sucrose is inverted after three days 
and more than 99°% is inverted after three weeks 
under all conditions of storage. The syrup was of a 
light greenish tint when first prepared, becoming 
light yellow on storage. After six months the sam 
ples stored in the dark and in the refrigerator were 
still light yellow but the samples stored in the sun- 
light were brown. As there was no free iodine the 
darkening was apparently due to decomposition of 
levulose formed by hydrolysis of sucrose (1). The 
data indicating very rapid hydrolysis of sucrose show 
that tests on palatability conducted on the freshly 
prepared official syrup would have to be modified 
within a short time, since within three weeks there is 
practically no sucrose present. The results also indi- 
cate that the old rule that darkened ferrous iodide 
syrups regain their original light color when stored in 
sunlight is fallacious when applied to syrups contain- 
ing hypophosphorous acid although the rule did 
apply in the early stages of darkening of the older 
formulas in which free iodine appeared within a 
short time. The chief disadvantages of the official 
formula are the instability due to rapid inversion of 


the sucrose and the appearance of gelatinous pre- 
cipitates under all conditions of storage except in the 
dark. 

Formula 2.—The N. F. VIII states that for the 
purpose of retarding discoloration, 1.3 Gm./L. of 
citric acid may replace the hypophosphorous acid 
The pH of the product was 1.8 at the time of 
preparation. The results show that the disad- 
vantages of this formula are that more than 99% 
of the sucrose is inverted within three months and 
free iodine appears in the syrups within one month 
under all conditions of storage except in sunlight. 
No free iodine appears in the syrups stored in sun- 
light because the light catalyzes the oxidation of 
glucose to gluconic acid by the free iodine, thus re- 
ducing the iodine to hydriodic acid. 

Formula 3.—This is the formula proposed by Husa 
and Klotz (1) using 700 Gm./L. of dextrose in place 
of 850 Gm./L. of sucrose used in the official formula. 
After six months the samples stored in darkness, dif- 
fused light, and sunlight had the same greenish tint 
as when prepared. Storage in a refrigerator caused 
crystallization of dextrose. The Husa and Klotz 
formula gives a more stable product than any other 
formula thus far reported in the literature. The 
only possible improvements would be to increase the 
palatability and reduce the crystallization at re- 
frigerator temperature. 

Formula 4.—This formula is based on the Husa 
and Klotz formula, but differs in that citric acid is 
used in place of hypophosphorous acid. All samples 
contained free iodine after one month except those 
stored in sunlight, which were stable over the six 
months period, showing no changes other than that 
the original greenish tint changed to light yellow. 

Formula 5.—This formula was devised to over- 
come the objections to the Husa and Klotz formula 

To overcome the crystallization of dextrose at re- 
frigerator temperature, the proportion of dextrose 
was reduced from 700 Gm./L. to 600 Gm./L. Since 
the reduction in the proportion of dextrose lowers 
the keeping qualities of the syrup, 0.8 Gm./L. of 
sodium benzoate was added as a preservative. To 
improve the palatability 0.8 Gm./L. of saccharin 
sodium was added. 

Samples stored in the refrigerator showed very 
slight precipitation and a color change to pale yellow. 
Under all other conditions of storage the samples re- 
tained the original greenish tint; after six months 
there was a barely perceptible granular precipitate. 
None of the samples showed free iodine. 

This new formula appears to be the best formula 
available for a ferrous iodide syrup at this time. It is 
more agreeable in taste and more stable than the 
N. F. VIII formula. As compared with the original 
Husa and Klotz formula, it is more palatable and 
does not crystallize in the refrigerator. 

Formula 6.—This formula seems to offer no ad- 
vantages since a light yellow color develops within 
three months and a precipitate appears in the sam- 
ples stored in the refrigerator and in sunlight. In 
suggesting this formula, Burrin, Worton, and Bib- 
bins (2) assumed that the addition of sodium citrate 
to the N. F. VIII formula would buffer the solution 
and thus prevent hydrolysis of the sucrose. Our re- 
sults indicate that the pH is raised from 1.2 to 3 but 
that this has no effect on preventing hydrolysis, as 
more than 99° of the sucrose is inverted within 
three weeks. 


Gm. 
60 Gm. 
Sucrose 850 Gm. 
‘ Distilled Water, q.s............ 1000 ce. 
Formula 9 
20 Gm. 
Sha 60 Gm. 
5 cc. 
700 Gm. 
280 cc. 
1000 ce. 
20 Gm. 
eee 60 Gm. 
ie 850 Gm. 
. 1000 ce. 
1 
Distilled Water, q.s........... 1000 ce. 
Formula 12 
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Formula 7.—The results with this formula show 
that the omission of hypophosphorous acid from the 
N. F. VIII formula results in the liberation of iodine 
and retardation of the inversion of sucrose 

Formula 8.—The sucrose is gradually inverted 
but the appearance in diffused light and darkness is 
satisfactory over a period of six months. There was 


precipitation in the samples stored in the sunlight 
and liberation of iodine in the samples stored in the 
refrigerator. 

Formula 9.—-The use of 28% of glycerin in the 


Time of 
Storage, 
Months 


Diffused 


Light Sunlight 


TABLE I1.—APPEARANCE OF PRECIPITATES AND LIBERATION OF IODINE 
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Husa and Klotz formula results in a very stable 
product except for the crystallization of dextrose at 
refrigerator temperature. 

Formulas 10 and 11.—-The use of lactic acid or 
sodium hypophosphite in place of hypophosphorous 
acid yields unstable products as evidenced by 
liberation of iodine and formation of precipitates. 

Formula 12.—The addition of sodium phosphate to 
the N. F. VIII formula retards inversion of sucrose 
only toa slight extent. The color change to a darker 
shade does not occur until after two months. 


Darkness Oven, 50° Refrigerator 


Formula | 


Formula 2 


Formula 3 


Formula 4 


Formula 5 


Formula 6 


Formula 7 


Formula & 


Formula 9 


Formula 10 


IP 
IP 
IP 


Formula 11 


I 
I 
I 


Formula 12 


Pp 
P 


* I indicates presence of free iodine; P indicates presence of precipitate; M indicates formation of solid mass due to erystal- 


lization of dextrose 
+ Barely perceptible granular precipitate. 


|_| 
1 P 
3 P P 
6 ps P P P i 
1 Ie I IP I 
3 I I IP I ; 
6 IP P I IP IP -_ 
: 
Me 
3 M 
6 P M 
I I I IM 
3 I I IP IM 
6 I I IP IM 
1 
3 
6 b b 4 
1 P f 
6 P P 
1 I I I IP I ; 
3 I I I IP 
6 I IP I IP I . 
1 P 
3 
6 P P IP 
1 M 
3 M 
6 P M 
1 IP P I 
3 IP I P I 
6 IP I P I 
1 I P I 
3 I I P I 
6 I I p I : 
1 
3 
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TABLE II.—P8RCENTAGE INVERSION OF SUCROSE 


Diffused 


Light Sunlight 


36.5 
91.3 
95.2 
99.6 
99.6 
99.6 


Sawa 


Formula | (pH 1.2)" 


Darkness Oven, 50° Refrigerator 


43. 
95.: 
95 
99.6 


Formula 6 (pH 3.0) 


Formula 7 
22.0 

36.5 

36. 

36. 

27. 


(pH 3.4) 


5.2 
8.0 
&. 
8 
8. 
11 


Formula 8 (pH 2.0) 


21.9 
31.3 
62.6 
62.6 
73.0 
74.8 


Formula 12 (pH 5. 


36.5 
54.8 
95.2 
95. 9 
96.7 
96.7 


9 


~19 


3.5 
9 
33. 
33. 
36. 
38 


ou 


mans 


00 to 


* pH values in this table are the values at the time of preparation 


III.—Resutts or Taste Tests 


Number of 
Tasters 
Reporting 
the Formula 
as Most 
Agrecable 


Conc. of 
Saccharin 
Sodium in 


None 
(Official N. F. formula) 


SUMMARY 


1. The N. F. VIII ferrous iodide syrup de 
teriorates rapidly, practically all the sucrose being 
inverted within three weeks. 

2. The use of citric acid in place of hypophos- 
phorous acid as authorized by the N. F. VIII is 
disadvantageous in that free iodine appears under 
all conditions of storage except in sunlight and 99 
per cent of the sucrose is inverted within three 
months. 

3. The addition of sodium citrate to the N 


VIII formula does not prevent hydrolysis of 
sucrose as has been assumed by some authors. 

4. The Husa and Klotz formula using 700 

3m./L. of dextrose in place of the sucrose in the 
official formula gives the most stable ferrous 
iodide syrup thus far reported. 

5. A new formula is proposed based on the 
Husa and Klotz formula but reducing the propor- 
tion of dextrose to 600 Gm./L. and using sodium 
benzoate as a preservative and saccharin sodium 
to improve the palatability. As compared with 
the original Husa and Klotz formula the new 
formula is more palatable and does not crystal- 
lize in the refrigerator. The new formula is more 
agreeable in taste and more stable than the 
N. F. VIII formula. 
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4 
a Time of 
Storage, 
Days 
3 48 43.8 43.8 
7 87 87.6 79.2 
14 91 95.2 91.2 
ee 21 99 99.6 99.6 
30 99 99.6 99.6 99.7 
pete: 99.8 99.6 99.4 99.5 
oa 3 48.7 52.2 48.7 52 2 48.8 
‘ 7 91.3 87.6 87.6 95 84.2 ‘. 
e~ 14 91.3 95.2 95.2 95 91.3 
, 21 99.6 99.6 99.6 99 99.6 
30 99.6 99.6 99.6 99 99.6 
90 99.8 99.5 99.8 998 99.5 
x? 3 5 22.0 5.2 
7 8 48.7 8.1 
14 8 48.7 8.8 
21 8 48.6 8.8 ‘ 
30 8 48.7 8.8 
10 47.4 10.1 
3 2. o7 
7 9. 
14 36. 
j 21 36. 
30 36. 
4 90 38.4 
3 36.4 28 
14 95 9 
21 9 95.2 91.9 
30 96 i 96.7 93.6 
90 96. ¢ 97.6 98.7 
be — _ _______ — > 
Formula Gm./L. 
5 0.25 
5 0.50 9 
5 1.00 2n 
5 1.50 
5 2 00) 6 
5 
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Comparison of im Vitro Germicide Test Methods* 


By MORRIS OSTROLENK 


The results of four /n vitro germicidal test methods are compared with the conven- 

tional 4-mm. loop method of test. The four variations described are subjected to 

three methods during the test period; i.e., stationary, slow rotation, and the custo- 

mary initial swirl. Four selected test microorganisms and eight chemical compounds 

are employed in these studies. The “total swirl” method of test gives more critical 

killing end points, is more consistent, and more nearly measures complete germi- 
cidal effect than the 4-mm. loop method of test. 


T# object of this study was to determine to 
what extent the conventional phenol coeffi- 
cient type “loop” method of test measures com- 
plete germicidal effect. Many investigators 
have pointed out that the germicidal results ob- 
tained with surface-active compounds differ from 
those of most other classes of antibacterial agents 
employing the conventional 4-mm. loop method of 
test. Under these conditions of assay the ca- 
tionic detergents have been characterized by 
indeterminate bactericidal end points in con- 
trast to the more definite results obtained with 
chemical compounds belonging to the phenols, 
cresols, alcohols, and several other agents. 
Much of this inconsistent behavior of the ca- 
tionic germicides has been attributed to one or 
more factors, i.e., variation in the size of the 
drop or film mixture adhering to the 4-mm. 
loop with a consequent discrepancy in the amount 
of material transferred (1), their bacteriostatic 
ge and surface tension depressant action 
2, 3), and the apparent peculiar property of 
these compounds to cause an adsorption or ag- 
glomeration of bacteria on the walls of the test- 
ing vessel (4). Whatever the reasons, attention 
has been directed repeatedly to the inaccurate 
results obtained with the surface-active agents 
and emphasis placed on the need for a method of 
test which will more accurately determine the 
bactericidal propensities of the cationic deter- 
gents. Among the methods suggested are the 
use-dilution (5, 6), glass slide (7), a combination 
of phenol coefficient, plate and swab count (8), 
semimicro (9), and filter paper tests (9, 10). 
It should be noted that practically all the efforts 
are being directed toward the development of in 
vitro methods of test for quaternary ammonium 
compounds, the assumption being that only 
chemicals of this class are inadequately assayed 
by the 4-mm. loop method. In defense of the 
semimicro technique (11), one of the methods of 
test referred to above, Klarman and Wright are 
* Received July 19, 1949, from the Federal Security Agency, 
U_S. Food and Drug Administration, Washington, D. C 


Presented to the Society of American Bacteriologists, 49th 
General Meeting, May, 1949, Cincinnati, Ohio. 
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of the opinion that ‘‘the regular F. D. A. tech- 
nique is inapplicable to the testing of quaternary 
ammonium compounds.’’ They claim that the 
4-mm. loop employed in making transfers ‘‘does 
not carry a representative sample of the disin- 
fectant bacteria mixture."” Another reason given 
for the inadequacy of the loop method is ‘that 
in the presence of a cationic compound the 
viable bacterial cells are not uniformly dis- 
tributed in the liquid, rather there is a tendency to 
cumulation against the walls of the vessel which 
interferes with the removal of an average sample 
by means of a loop."’ The results of the present 
investigation show that many, if not all, of the 
shortcomings of the loop technique referred to 
above attributable to quaternary ammonium 
compounds also apply to other classes of germi- 
cides. 


EXPERIMENTAL 


Four test organisms Micrococcus pyogenes var. 
aureus, Streptococcus fecalis, Eberthella typhosa, 
and Escherichia coli were used in these tests. These 
microorganisms were carried continuously in 2% 
trypticase broth at 37° and transferred daily to 10 
ml. of fresh medium using one 4-mm. loopful of 
inoculum for transfer purposes. They represent 4 
of 14 test organisms, of standard resistance to phenol, 
previously reported (12). Eight chemical com- 
pounds: carbolic acid, aqueous iodine, ethyl and 
isopropyl! alcohol, hydrochloric acid, hydrogen 
peroxide, alkyldimethylbenzylammonium chloride, 
and di-isobutylphenoxyethoxyethyldimethylbenzyl- 
ammonium chloride were employed. The testing 
techniques were as follows: 

1. Loop—4 Mm.—This utilized the conventional 
phenol coefficient type of method in which 0.5 ml. of 
test culture was added to 5.0 ml. of medication 
At the end of the five-minute contact period, main- 
tained at 37°, one 4-mm. loopful of medication- 
culture mixture was transferred to 15 ml. of fluid 
thioglycollate broth and incubated at 37° for four 
days. 

2. Total Swirl—1.1 Ml.—One-tenth ml. of test 
culture was added to 1.0 ml. of medication solution. 
The medication-culture suspension was thoroughly 
mixed by swirling. At the end of the five-minute 
contact period, 40 ml. of sterile fluid thioglycollate 
broth was poured in on top of the test material and 
this was also incubated for four days. 


| 

| | 
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3. Rotation.—One-tenth ml. of the test culture 
was added to 1.0 ml. of medication in a sterile 100- 
x 13-mm. (Wassermann) tube and the tube sealed 
with a No. 00 sterile rubber stopper. The tubes 
containing mixtures of antiseptic and test organism 
were placed immediately on a Welch-Hunter (13) 
rotating machine in a 37° incubator and revolved at 
four revolutions per minute for five minutes. At the 
end of the five-minute contact period the 1.1 ml. of 
mixture was removed and 0.1-ml. and approximately 
1.0-ml. amounts were inoculated into 40 ml. of fluid 
thioglycollate broth. The emptied Wassermann 
tube (residual) was filled with the same nutrient 
broth and the 3 tubes (0.1 ml., 1.0 ml., residual) 
incubated at 37° for four days. 

4. Stationary and Total-No Swirl.—With both 
of these techniques 0.1 ml. of test culture was added 
to 1.0 ml. of medication solution in a conventional 
lipped Pyrex test tube (25 x 150 mm.). The medi- 
cation and test organisms were not agitated and the 
tubes placed in double-tiered wire racks to prevent 
any disturbance of the test material during incuba- 
tion. With the “stationary” technique, after the 
five-minute contact period, the test material was 
withdrawn and inoculated in 0.1-ml. and approxi- 
mately 1.0-ml. amounts each into 40 ml. of fluid 
thioglycollate broth. The emptied test tube 
(residual) was filled with 40 ml. of fluid thioglycol- 
late medium and all 3 amounts (0.1 ml, 1.0 ml., 
residual) incubated at 37° for four days. 

With the “‘total-no swirl” technique, 40 ml. of 
fluid thioglycollate broth was added directly to the 
tube containing the 1.0 ml. of medication solution 
and 0.1 ml. of test organisms after the five-minute 
contact period. As with the other test methods, 
incubation was at 37° for four days 


30 


Dilution 
1:20 
13% 


Residual 
St. fecalis 
S. aureus 
E. typhosa 


0.1 MI 
E. typhosa 


S. aureus 
St. fecalis 


-—_——— Stationary 


S. aureus 
St. fecalis 
E. coli 


E. typhosa 


S. aureus 


E. coli 


St. fecalis 
S. aureus 
E. typhosa 
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RESULTS 


By the “loop” and “total swirl” methods of test, 
phenol (Table 1), ethyl alcohol (Table II), and iso- 
propyl alcohol (Table V1) showed little or no dif- 
ferences in efficacy against any of the 4 test organ- 
isms. However, the remaining 5 compounds showed 
marked variation in results with these methods. 
lodine (Table I11), hydrogen peroxide, and hydro- 
chloric acid (the latter 2 compounds are not tabu- 
lated) were approximately one-half as effective 
against each test organism by the total swirl method 
as compared with the loop technique. The bac 
tericidal concentrations of the 2 quaternary am 
monium compounds varied appreciably for each 
compound, for each method of test, and for each 
test organism. Five to twelve times as much 
alkyldimethylbenzylammonium chloride was neces- 
sary to kill the 4 test organisms utilizing the 
“total swirl’ technique than was necessary when 
testing by the “loop” method (Tables IV and VI 
It required one and one-half and seven times 
is much di-isobutylphenoxyethoxyethyldimethyl- 
ammonium chloride to kill AJ. aureus and S. fecalis 
and two and ten times as much to kill £. typhosa 
and FE. coli, respectively, by the total swirl as by the 
loop transfer method lables V, and VI It will 
be noted (Table VI) that the latter quaternary, 
somewhat less germicidal than the former for all of 
the 4 test organisms tested by the “loop"’ method, is 
equally or more effective when tested by the “total 
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An analysis of the data obtained by the “rota- 
tion” and “‘stationary”’ methods of test indicates that 
the concentration of germicide required for bacteri- 
cidal action tends to be correlated with the amount 
of medication-culture suspension transferred to the 
growing broth. This correlation is demonstrable 
with all compounds tested with the exception of 
iodine (Table III). 

The complete inadequacy of the “‘total-no swirl” 
method of test is clearly demonstrated with ethyl 
alcohol (Table II). All 4 test organisms survived 
95° concentrations of ethyl alcohol while only 40% 
concentrations or less were necessary to kill the test 
organisms by the “total swirl’ method. Similar 
results were obtained with the other chemical com- 
pounds tested. 


DISCUSSION 


Apparently with phenol and the alcohols, and 
perhaps with chemically related compounds which 
possess rapid-killing properties, the difference 
in test techniques does not materially affect their 
germicidal action. With agents, such as iodine 
and hydrogen peroxide, which are influenced by 
the presence or absence of organic matter, the 
differences in results, though not as great as with 
quaternary ammonium compounds, are never- 
theless significant. On an average for all 4 test 
organisms, using the ‘‘total swirl’’ method, twice 
the concentration of iodine and hydrogen per- 
oxide and as much as eight times the concentra- 


tion of the quaternary ammonium compound 
was required to kill organisms as compared with 


the loop transfer method. In some preliminary 
tests with hydrogen peroxide it required five 
times as much to kill Z. coli by the total swirl 
method as was required by the loop technique. 
The significant differences in results with the 


quaternary ammonium compounds show how 
inapplicable the loop technique is as an in vitro 
method of test for this class of chemical agents. 
Not only does the ‘total swirl” method give 
more critical killing end points than the loop 
technique but it possesses the advantage of 
giving results which are more consistent. In 
addition, the ‘‘total swirl’’ method provides for 
the testing of the entire organism-medication 
mixture, including the vessel itself, rather than 
an aliquot which may or may not be representa- 
tive. Within the limits of productivity of the 
growing broth, the ‘‘total swirl’ method is ca- 
pable of measuring 100 per cent kill. 

Although too few chemical agents and test 
organisms were employed in these experiments to 
establish conclusive evidence of the value of the 
“total swirl” method of testing, the indications 
are that it is a more critical method of test than 
the loop technique for many chemical compounds 
purported to possess germicidal properties. 
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A Study of i Vitro Neutralization of Heparin by 
Thiazine, Oxazine, Phenazine, and Other Dyes*+ 


By THOMAS J. HALEY and FRANCES STOLARSKYt 


Nineteen dyes were tested for their ability to 
inactivate heparin in vitro. Only those be- 
longing to the thiazine, oxazine, and phen- 
azine series, which had a free primary amine 
group, were active by the method used. To- 
luidine blue, neutral red, and neutral violet 
were the most efficient of all the dyes used. 
TT recent work of Allen and Jacobson (1), 
which showed that toluidine blue could in- 
activate the heparin-like substances in the blood 
of irradiated animals, led to this investigation of 
the relationship of the chemical structure of 
toluidine blue and related dyes to heparin in- 
activation. 

The chemical neutralization of heparin by 
toluidine blue is based upon the discovery of 
Jorpes (2), that this dye gives a metachromatic 
reaction with heparin. The work of Lison (3), 
Bank and Bungenberg de Jong (4), and Jaques, 
et al. (5), greatly increased our knowledge of the 
chemical reaction which resulted in polysac- 
charide polysulfurie acid and heparin neutraliza- 
tion. Other investigations have confirmed these 
findings (6-13). 

Wilander’s (8) observation that toluidine blue, 
thionine, cresyl violet, and related dves combine 
stoichiometrically with heparin in producing a 
metachromatic red-violet color resulted in the de- 
velopment of chemical assays for heparin. Copley 
and Whitney (14) determined heparin by titra- 
tion with toluidine blue and azure A. Trethewie 
and Melvin (15) by slightly modifying this 
method were able to increase its accuracy, and 
MacIntosh (16) used a colorimetric method in 
which the metachromatic color produced by 
heparin and toluidine blue was extracted and 
heparin determined by the difference in original 
and final dye content of the solution. Astrup 
(17) has successfully applied this method to the 
determination of heparin in urine. Jaques, et al. 
(5), using a large number of dyes, determined 
heparin by following the metachromatic colors 


developed during the reaction. 
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EXPERIMENTAL 


Following the procedure of MacIntosh (16), 
standard solutions of the dyes containing 25 ug./cc. 
were prepared. All of the dyes used were dissolved 
in 0.2% saline in 0.01 N HCl and even with this 
solvent, difficulty was encountered in obtainirg 
complete solution of the dyes. However, by allow- 
ing twenty-four hours to elapse between preparation 
and use, complete solution was effected. Further, to 
determine the effect of pH on the reaction, solutions 
of the dyes in Clark-Lubs buffers (18) were prepared 
at pH 2,7,and 10. The pH values were determined 
with a Beckman pH meter. A standard solution of 
heparin containing 0.1 mg./cc. (12 Toronto Units/ 
cc.) in the same solvent used for the dyes was pre- 
pared from powdered sodium heparinate Upjohn. 
Wilson heparin was also used but the color of the 
heparin solution was such that it obscured the end 
point and therefore no further work was done with it. 
Tables I to IV give the structural formulas and other 
data on the dyes that were used. The dyes not pre- 
viously tested for their metachromatic properties are 
starred in Tables I to 1V. Table V gives the con- 
centrations of heparin used for assay. 

The standard dye curves were determined with 
either saline or buffered dye solutions by diluting the 
concentrated solutions to give the following values: 
250, 225, 200, 175, 150, 125, 100, 75, 50, and 25 
ug./10cc. The aqueous dye solutions were placed in 
colorimeter tubes and their color determined in a 
Klett-Summerson photoelectric colorimeter using a 
#54 green filter. Figures 1 and 2 show the standard 
curves determined for those dyes which were later 
found to react with heparin. However, this proce- 
dure was carried out with all the dyes used. 

The assay of heparin was done as follows: The 
heparin solutions in Table V were brought to a total 
volume of | cc. by the addition of either the saline or 
buffered solutions as required. Nine cubic centi- 
meters of the dye solution, containing 225 ug. of dye, 
was added to bring the final volume to 10 cc. The 
tubes were allowed to stand for twenty minutes, then 
the solution was added to 5cc. of Merck benzine con- 
tained in a 25-cc. separatory funnel. This mixture 
was shaken for sixty seconds, the aqueous layer 
drained into a colorimeter tube and the remaining 
color read in the colorimeter. This reading was com- 
pared with the standard curve for the particular dye 
and the amount of dye removed was read directly. 
The effectiveness of the various dyes in removing 
heparin is shown in Figs. 3 and 4. 


RESULTS 


The reaction between the effective dyes and 
heparin occurred regardless of the pH value. How- 
ever, the dyes were basic in nature and at pH 7 and 
10 were more soluble in the benzine phase so that no 
color remained in the aqueous phase and therefore no 
evaluation of the reaction could be made. It is 
possible that at these pH values the dyes were in 
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Tasie Dyes 


Common Name Chemical Name 


Thionine 
nium chloride 


Methylene Blue Tetramethyldiamino- 
diphenazthionium 


chloride 


Azure A Aminodimethylamino- 
diphenazthionium 


chloride 


Toluidine Blue Aminodimethylamino- 
toluphenazthionium 


chloride 


Methylene Violet 
diphenazthionium 
chloride 


colloidal and not true solution. At pH 2 the buf- 
fered solutions of the dyes were not as effective as the 
acidified saline solution in combining with heparin. 
The benzine used in extraction of the heparin-dye 
complex was found to be critical in so far as purity 
was concerned because we observed that some sam- 
ples contained residual material which coated the 
colorimeter tubes and gave a false reading even with 
distilled water. It was also observed that although 
many dyes (see Tables I to IV) gave a metachromatic 


REO 


46 rhe 


1.—Standard Dye Curve (Acidified Saline 


Solution pH 2). 


Fig 


Diamino-diphenazthio- 


Hydroxydimethylamino 


Structural Formula of Base Color 


Change 
Blue to 

reddish 

blue ppt. 


No change 


N(CHs)2 


Blue to 
reddish 


a 


blue 
(CHs)2N\ A. 


ppt. 


Blue to 
reddish 
blue 


ppt. 


No change 


color reaction with heparin, only those which formed 
definite precipitates at the interface of the aqueous 
solution and the organic solvent could be assayed 
colorimetrically. Nile blue and cresyl violet both 
reacted but did not form precipitates. 


DISCUSSION 


A comparison of the data presented in Figs. 3 and 
4 with the various structural formulas given in 
Tables I to IV shows that a free primary amine 
group is essential for dye inactivation of heparin. 
The conversion of this primary amine group into a 
secondary or tertiary amine group by methylation, 
ethylation, or phenylation effectively prevents any 
inactivation of heparin. These findings confirm 
those reported by Bank and Bungenberg de Jong (4), 
for the polysaccharide polysulfuric acids and those of 
Jaques, et al. (5), for heparin. The inability of 
trypan red and trypan blue to inactivate heparin 
even though they contain free primary amine groups 
is probably due to the acidic nature of these dyes 
inasmuch as they contain both phenolic hydroxyl 
and sulfonic acid groups. This confirms the results 
reported by Jaques, ef al. (5), for strongly acidic 
dyes. Jaques, et al. (5), reported that fuchsin gave a 
detectable shift in red color but we were unable to 
confirm this finding. It is possible that his method 
is slightly more sensitive than the one we used or it 
may be that a ring structure similar to those of the 
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Tas_e II.—Oxazine Dyes 


Color 
Index 
Number 


None 


Common 
Name 


Cresyl Violet 


Chemical Name 
Dimethylamino-methyl- 
naphtho-amino- 
phenazonium chloride 


New Blue 


Dimethylamino- 
ND Conc. 


naphtho- 
phenazoxonium 
chloride 


Leather Basic 


Dimethylamino- 
Blue R 


naphtho- 
phenazoxonium 
chloride 


Nile Blue BX Diethylamino-amino- 
naphtho-phenazoxon- 


ium sulfate 


thiazine, oxazine, and phenazine dye groups is 
essential in heparin inactivation. With both nile 
blue and cresyl violet color changes such as those al- 
ready reported (5, 8) were obtained but it was im- 
possible to extract the color produced so that no 
comparison of heparin inactivation could be made. 

Our results with Wilson heparin confirm those 
obtained by Astrup (17), in that MacIntosh’s 
method will give an accurate analysis only when the 
heparin used is highly purified However, with 
highly purified heparin it is possible to obtain ac- 
curate reproducible analysis 


h te 


2.—Standard Dye Curve (Buffer Solution 


pH 2). 


Color 
Change 
Green to 
violet. 
No ppt. 


Structural Formula of Base 


Oo 
(CHs):N/ 
Cc 


N 


| 

(CHs)N Van 


Cl 


) 


No change 


No change 


N 
IN 


VY 


can 
oO 


\ 
SO, 


The standard curves for Safranin (Figs. 1 and 2) 
show a tendency to curve markedly below a con- 
centration of 25 wg./10 cc. This would introduce 
errors in the colorimetric assay of heparin if con- 
centrations of the latter were increased above 0.1 mg. 
because the residual color would then be within the 
above range. Although we did not observe such a 
tendency with the other dyes, Figs. 3 and 4 indicate 
that a similar curvature may be occurring with them 
also. Comparison of Figs. 3 and 4 with those of 
MacIntosh (16) shows that our results differ par- 
ticularly in regard to the determination of very small 
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Fig. 3.—Per cent Dye Removed by Heparin (Acidi- 
fied Saline Solution pH 2). 
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Tasce II].—PuHENAzINE Dyes 


Common 
Name 


Neutral Red 


Neutral Violet 


Wool Fast 
Blue B1 


Safranine T, 
extra conc 


Induline, 
water 
soluble 


Nigrosine WSB 
Janus Green 


Chemical Name 
Amino-dimethyl-amino- 
toluphenazonium 
chloride 


Amino-dimethylamino- 
p-dimethylamino- 
phenyl-amino- 
diphenazonium 
chloride 


Dialkyl-amino- 
phenyl-amino phen- 
yl-naphtho-phenaz- 
onium chloride 


Mixture of diamino- 
phenyl-ditolazonium 
chloride and di- 
amino-o-tolyl- 
ditolazonium 
chloride 


Mixture of amino-di- 
phenyl-diamino-tri- 
phenyltriamino- and 
tetraphenyl-tetra- 
amino-phenyl di- 
phenazonium chlo- 
ride and sulfonate 


Unknown 

Safranine-azo-di- 
methylaniline or a 
mixture of amino- 
phenyl and tolyl- 
tolazonium chloride- 
azo-dimethylaniline 


Structural Formula of Base 


4 
N 


H Cl 
N(CHs)s 


NH 
| 


and sulfonate 
Unknown 


N 
CH _ CH; 
H,N Z N=N 
N 
R Cl 


N(CHs): 
R= or C,H,CH; 


No change 


No change 


No change 

Blue to 
bluish 
red 


ppt. 
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Number Change 
825 A Red to 
( \Y NCH; reddish 
purple 
NH, ppt. 
826 Red to 
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H Cl 
| 
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TABLE 1V.—D1sazo CoLoRING MATTER 


Common Color 
Name Number Chemical Name Structural Formula of Base Change 

Trypan‘ Red 438 Sodium salt of 3- So,Na No change 
sulfo-diphenyl- 
disazo-bis-B SO,Na \ 
naphthylamine 
3:6-disulfonic 
acid NH; SO,Na 


SO; Na 


4 
4 


SO,;Na 


I'rypan Blue 477 Sodium salt of ‘ HO NH, No change 
ditolyl-disazo 
bis-8-amino-1 


NaSO, So,Na 


naphthol-3 : 6- 
disulfonic acid 


HO NH, 


/SO\;Na 


TRIPHENYLMETHANE Dyes 

Fuchsin ‘ 7 Mixture of pararosaniline CH; No change 
(No. 676) and rosaniline NH 
(triamino-diphenyl- —. — 
tolylearbinol anhydride) H.N 
hydrochloride (or ace- 
tates), or diamino- 
methyl-fuchsonimonium 
chloride together with 

higher homologs 


NH.Cl 


TasLe V.—CONCENTRATION OF HEPARIN IN MG. amounts of heparin (0.02 mg.). These differences 
AND UNITS PER Cc, may have been due to the particular filters used. 
a == MaclIntosh (16) used an orange filter while we em- 
ployed a green one. However, we believe that the 
Mg Units in Ce differences are due either to a slower reaction rate or 
02 2.4 0.2 our inability to extract all of the heparin-dye com- 
04 4.8 0.4 plex formed, the latter being the more important 
O6 7.2 0 6 source of error in the method as we employed it 
0.8 Our results with the higher heparin concentrations 
1.0 confirm those of MacIntosh (16) in that the greatest 
precision is obtained when the amount of heparin 
added removes between 60 and 80° of the dye. In 
this respect toluidine blue, neutral red, and neutral 
violet are more efficient than the other dyes used 


SUMMARY 


1. Nineteen dyes were tested for their ability 
to inactivate heparin in vitro. Only those be 
longing to the thiazine, oxazine, and phenazine 
series which had a free primary amine group were 
active by the method used. 

2. The MacIntosh colorimetric method for the 
assay of heparin gives accurate results only when 
the heparin used is highly purified. 

2 


. ot on .' 3. The use of a buffered solution in the proce 


‘ 


Per cent Dye Removed by Heparin (Buffer dure has no advantage over the acidified saline 


Solution pH 2) solution used in the original method. 


80 
— 
| 
| 
r | 7 
ar —N=N— 
| 
| 
< | 
| J 
CH: Naso. 
: P 
4 


ScreENTIFIC EDITION 81 


4. Itis essential that the benzine used to ex- 
tract the heparin-dye complex be highly purified 
and contain no residual materials which will coat 
the colorimeter tube and thus give a false read- 
ing. 

5. Toluidine blue, neutral red, and neutral 
violet are the most efficient of the dyes used in so 
far as the chemical inactivation of heparin is con- 
cerned. 
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The Determination of the Toxicity of 
Neoarsphenamine in Rats by a 
Method Based on Survival-Time* 


By M. G. ALLMARK and A. LAVALLEE 


This paper describes a method of assay for 
determining the toxicity of neoarsphenamine 
based on survival-time in rats. Either the 
actual time of death of each rat during a ten- 
hour observation period or deaths recorded 
at one- or two-hour intervals for ten hours 
may be used as the basis for computing 
toxicity. 


TT" PRESENT methods used for determining 

the toxicity of neoarsphenamine in Great 
Britain, Canada, and the United States are based 
on an all-or-none (quantal) type of response. The 
principal details of these methods have been de- 
scribed in previous publications (1, 2, 3), and the 
statistical treatment for data of this kind has also 
been described previously (4, 5, 6). 

The shortcomings of this type of response are 
chiefly in the wastefulness of information and 
usually more animals are required to obtain a 
given precision. However, it is not always con- 
venient to use a graded response type of assay 
and a quantal response method is usually resorted 
to when this is the case. 

Recently Perry (7) proposed a method for de 
termining the toxicity of neoarsphenamine based 
on survival-time in mice. Very few details of this 


* Received June 1, 1949, from the Food and Drug Labora- 
tories, Department of National Health and Welfare, Ottawa, 
Canada 
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method are described except that a Mosage-range 
was selected so that the mice would die within ten 
hours. 

In view of the ‘possible saving in time and ex- 
pense, if a method of this type could be used, it 
was thought advisable to work out the details of a 
method based on survival-time in rats. Rats were 
chosen in place of mice since all of the manufac- 
turers in Canada use rats for testing the toxicity 
of this drug. It is quite possible that mice may 
serve the purpose equally well. 

In spite of the fact that neoarsphenamine is 
being replaced to some extent by other drugs for 
the treatment of syphilis there is still a consider- 
able amount manufactured here and abroad. 
Any method which would require less time and 
fewer animals would be welcomed by manufac 
turers. 


EXPERIMENTAL 


Several brands of neoarsphenamine were assayed 
against the Canadian Standard Neoarsphenamine. 
The graded response assays were conducted as fol- 
lows: Three doses of the standard and three doses of 
the sample were used on each test. For any one 
test, five rats, weight-range 125 to 150 Gm., were 
assigned to each dose so that the mean weight in 
each group would be the same. Either sex may be 
used providing only males or females are used for 
any one test. The dosage-range was selected so that 
all the rats would die within ten hours. The con- 
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centration of the solution was 15% for both standard 
and sample. Solutions for injection were made up 
with double distilled water which had just been 
boiled for about three minutes, protected with a 
layer of mineral oil (liquid paraffin, heavy) and 
cooled. The injections were made in the saphenous 
vein in the hind leg and the rats were observed 
continuously from the time of injection until death; 
the time of death of each rat being recorded. 

Che quantal response assays were conducted as 
follows: Three doses of the standard and three 
doses of the sample were used on each test. For any 
one test, 10 rats, weight-range 125 to 150 Gm., were 
issigned to each dose so that the mean weight of rats 
in each group would be the same. The doses were 
selected for any one test, so that mortalities between 
20 and 80° would result. The administration of the 
doses and the preparation of the solutions for injec- 
tion were made in the same way as for the graded re- 
sponse assays except that the concentration of the 
drug for injection was 8%. The rats were observed 
for six days and the total number of deaths re- 
corded. 

For both the quantal and graded response assays, 
the ratios S,:S2:S,: and U,: Uz: Us: were the same. 
For calculating the results of both types of assay 
(graded and quantal) the methods of Bliss were 
used (5, 8, 9). 


RESULTS 


A complete set of calculations for the data of a 
typical graded response assay is shown in Table I. 
The data fofthis assay have been plotted in Fig. 1 
The explanation for the various steps in the com- 
putations has been described in detail by Bliss and 
Marks (8, 9) using the assay of insulin as an illustra- 
tion. The validity of the assay rests upon the values 
obtained fo- the variance ratios (F). The signifi 
cance of these may be tested with the tables of 
Snedecor (10), or Fisher and Yates (11). The in- 


AN SURVIVAL TIME IN HOURS 


ME 


1 1 
28 2.9 3.0 
LOG DOSE OF NEOARSPHENAMINE 
Mg./Kg. 


Fig. 1.—-Dose-response curves of rats injected in- 
travenously with neoarsphenamine. Each point 
represents the mean of five responses. The curves 
were fitted by the method of least squares. 


terpretation of these variance ratios have been de- 
scribed rather fully by Lehman and Paff for the 
assay of digitalis on the chick heart (12). It will 
suffice to say that the values for the variance ratios 
obtained for this assay indicate that all the pre- 
requisites of a satisfactory assay have been obtained. 
Furthermore, for all the assays reported in Table II 
there is only one where a slight deviation from paral- 
lelism occurred and two which showed F values for 
curvature and opposed curvature which were sig- 
nificant. This would seem to indicate that the rela- 
tionship between dose and response is a log-dose, 
arithmetic-response relationship for the range of 
doses selected. 

In Table II are shown the results of a number of 
assays by the proposed method and also by the 
quantal response method. For each brand only one 
quantal response assay and several graded response 
assays on each brand are shown. Several assays by 
the graded response method were done so that the 
precision and reproducibility of assays by this 
method could be ascertained. It can be seen that 
the agreement between both methods for brands 1, 3, 
and 4-1 are quite good, there being no significant dif- 
ferences between any of the assays on the respective 
brands. The results are somewhat different for 
brands 2, 4-2, and 5 where the toxicity by the quan- 
tal response method is significantly greater. It can 
also be seen that the range of toxicity for each 
graded response assay is for the most part consider- 
ably less, even though half the number of animals 
were used 

In order to see if other end points might be used 
for computing toxicity a number of assays were re- 
calculated using one- and two-hour observation 
periods as a besis for computing the toxicity. These 
results are shown in Table III. The range of 
toxicity for each assay shown in Table III was not 
changed to any great extent when one- and two-hour 
observation periods were used as end points. This 
would greatly reduce the amount of time in conduct- 
ing an assay if either of these end points were used 
rather than observing the rats continuously from the 
time of injection until death. 

A number of assays were also calculated on the 
basis of a 2-dose design and these results are shown 
in Table IV. Very little change in the toxicity or the 
actual error of the assay resulted. This would mean 
a further saving of 10 rats on each test, 5 on the 
standard and 5 on the sample if a 2-dose design were 
used 


DISCUSSION 


It has been shown that a method based on sur- 
vival-time is a satisfactory method for estimating the 
toxicity of most lots of neoarsphenamine but tor 
some lots the estimated toxicity by this proposed 
method is considerably less than by the present 
quantal response method. Although this discrep- 
ancy is evident in only 3 of 15 lots assayed it seems 
that this fact is somewhat of a deterrence for general 
acceptance of the method in place of the quantal re- 
sponse method. It is quite possible for the majority 
of manufactured lots of neoarsphenamine that the 
two methods will agree very well, but one could 
never be certain that the lot assayed was one that 
would agree or disagree with the quantal method. 
Whether the method proposed by Perry (7) on mice 
will give results more closely in agreement with the 
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-Resutts or Toxicrry DereRMINATIONS ON NEOARSPHENAMINE BY GRADED AND QUANTAL 
RESPONSE METHODS 


Toxicity as 
% Standard Sm X 


82-108 
87-117 
103-113 
90-106 
114-134 
79- 95 
90-1038 
90-104 
83-100 
98-132 
110-139 
109-129 
93-121 
90-101 
85-102 
162-193 
98-109 
95-109 
98-109 
233-27: 
174-200 
160-214 


Range of Toxicity, 
1.96 


* Q refers to quantal response method and G to graded response method. All these assays were of a 3-dose design 


Taste or Toxicity 
MINATIONS ON NBOARSPHENAMINE UsInG D1rrer- 
ENT ENp 


Range of 
Toxicity, 
Sm X 1.96 
87-117 
89-117 
90-124 
90-1038 
O12105 
109-129 
105-135 
O1-102 
103.0 98-109 
105.0 100-111 


Toxicity as 
Method* Standard 


A 101.1 
B 101.9 
105 
O68 
97 .§ 
118 
119 


Brand 
No 


@ A. rats observed continuously for ten hours, actual time 
of death recorded; B, same test but calculation based on 
one-hour observation periods; C, same test but calculation 
based on two-hour observation periods, 


quantal method, particularly on lots considerably 
more toxic than the Reference Standard, remains to 


be seen 
SUMMARY 
\ method for the assay of neoarsphenamine 
It has 
been shown that considerable economy in time 


based on survival-time in rats is presented. 


and expense would result from the use of a method 
it has the 
more 


such as the one described. However 
disadvantages that lots 
toxic than the standard by the quantal method 


some which are 


appear to possess about the same toxicity as the 
\t the present time this seems like a 
drawback for acceptance of the method. 


standard 


DETER- 
3-DosE 


Taste 1V.—Comparison oF Toxicity 
MINATIONS ON NBOARSPHENAMINE USING 
AND 2-Dose DESIGNS 


Range of 
Toxicity, 
Sm X 1.96 


90-106 
84-109 
90-101 
85-102 
90-1038 
92-104 
109-129 
105-119 
98-109 
97-105 
174-200 
182-209 


Brand Toxicity as 
No Method “> Standard 
3-dose 97. 
2-dose 95 
95. 
96 
98 
118 
111 
103. 
100 
186. 
104 


3-dose 
2-dose 
3-dose 
2-dose 
3-dose 
2-dose 
3-dose 
2-dose 


3-dose 


2 dose 
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The Synthesis of Derivatives of Methionic Acid* 


By ROBERT W. ELKAS}, JOHN E. CHRISTIAN, and GLENN L. JENKINS 


The marked hypnotic activity of numerous aliphatic derivatives of methionic acid 
suggested the synthesis of aromatic and heterocyclic amides of methionic acid as 
compounds of possible medicinal value. The occurrences of the pyridine, pyrimi- 
dine, and thiazole nuclei in active antibacterial compounds, the use of quinoline 
derivatives as antimalariais, and the bacteriostatic property of compounds such as 


p-aminoacetophenone and p-aminobenzophenone have ha 


a direct bearing on the 


choice of some of the compounds synthesized. Twenty-two new such derivatives of 
methionic acid have been prepared and sufficient quantities have been prepared for 
bacteriological and pharmacological testing. 


T# marked hypnotic activity of numerous 

aliphatic derivatives of methionic acid and 
the successful use of sulfanilamide and its deriva- 
tives in chemotherapy suggested the synthesis of 
aromatic and heterocyclic amides of methionic 
acid as compounds of possible medicinal value 
The occurrences of the pyridine, pyrimidine, and 
thiazole nuclei in active antibacterial compounds, 
the use of quinoline derivatives as antimalarial 
agents, and the bacteriostatic property of com- 
pounds such as p-aminoacetophenone and p- 
aminobenzophenone have had direct bearing on 
the choice of some of the compounds synthesized. 
In order that aromatic and heterocyclic deriva- 
tives of methionic acid may be tested for phar- 
macological activity, several compounds con- 
taining the methionamide nucleus have been pre 
pared. 

The synthesis of N,N’-bis(2-pyridyl) meth- 
ionamide, N,N’-bis (2-pyrimidyl) methionamide, 
N,N’-bis (4-methyl-2-pyrimidyl) methionamide, 
N,N’-bis (4,6-dimethyl-2-pyrimidyl) methiona- 
mide, and N,N’-bis (2-thiazolyl) methionamide 
was accomplished by the condensation of the 
respective heterocyclic amines with methionyl 
chloride in the presence of copper-bronze catalyst. 

Numerous ring-substituted derivatives of 
phenyl- and naphthylamines were condensed with 
methionyl chloride to yield a diversified group of 
aromatic amides of methionic acid. 

From p-aminobenzophenone, prepared by the 
action of benzoyl chloride on aniline in the pres- 
ence of zinc chloride, and the subsequent saponifi- 
cation of the resulting benzoyl p-aminobenzo- 
phenone, N,N’-bis(p-benzophenoyl) methion- 
amide was synthesized. 

The synthesis of N,N’-bis(8-chloro-5-quinolyl) 
methionamide was accomplished by the following 


* Received April 30, 1949, from the School of Pharmacy, 
Purdue University, Lafayette, Ind 

Presented to the Scientific Section, A. Pu. A., Jacksonville 
meeting, April, 1949 
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Sharp and Dohme, Inc., Philadelphia, 


reactions. The Skraup synthesis on o0-chloro- 
aniline produced 8-chloroquinoline, which was 
nitrated to yield 5-nitro-8-chloroquinoline. Re- 
duction of the latter compound with iron and 
acetic acid produced the amine which was con- 
densed with methionyl chloride to form N,N’- 
bis(8-chloro-5-quinolyl) methionamide. 


EXPERIMENTAL! 


Preparations of Methionyl Chloride, Phenyl 
Methionate, and Methionamide.—The procedures 
used were essentially those of Bauer (1), Schroeter 
(2), and Backer (3 The methionyl chloride was 
collected as a colorless oil, but when cooled it formed 
a snow-white crystalline mass which melted at about 
60°. Bauer (1) and Schroeter (2) reported the ex- 
istence of the chloride in both the liquid and crystal- 
line form. A small amount of the phenyl methionate 
was recrystallized from carbon tetrachloride to form 
white needles which melted at 82-88° (uncorr.); 
Bauer (1) reported a m. p. of 82-83° (uncorr.) 
Recrystallization of the methionamide from water 
yielded white plate-like crystals which melted at 
233° (uncorr.); Bauer (1) reported a m. p. of 232 
233° (uncorr.). A 61.1% yield of the chloride was 
obtained 

Preparation of Methionamide Derivatives (Table 
I) General Procedure.—A solution of 5.32 Gm. 
(0.025 mole) of methionyl chloride in 25 cc. of anhy- 
drous benzene was slowly added through a dropping 
funnel to 300 cc. of a hot anhydrous benzene solution 
of 0.1 mole, unless otherwise stated, of the reacting 
amino-compound to which was added a small amount 
of copper-bronze catalyst.?- The reaction was carried 
out in a round-bottomed, 3-necked, 500-cc. flask 
equipped with a mechanical stirrer and heated on a 
water bath. The reaction mixture was refluxed for 
a period of from one-half to three hours in every in- 
stance and the mixture cooled. The solid product 
which formed was washed with water and recrystal 
lized from alcohol using decolorizing charcoal unless 
otherwise stated. 

Preparation of 8-Chloroquinoline and 5-Nitro-8- 
chloroquinoline.—-The procedures used were essen 
tially those of Fourneau, et al. (7), Urist and Jen- 


' All melting points are corrected unless otherwise stated 
? Copper-bronze powder used is the same as that used for 
painting copper-bronze colored radiators. 


85 


| 


JOURNAL OF THE AMERICAN PHARMACEUTICAL ASSOCIATION 


Tasie I.—METHIONAMIDE DERIVATIVES 


H 


H 


S0,—NH—R 


\ 
SO;,—NH—R 


kK 
2-Pyridyl*: 4° 
2-Pyrimidyl*/ 
4,6-Dimethyl-2-pyrimidy!* ¢ 
2-Thiazolyl* * 
p-Acetanilido* 
o-Xenyl’ 
1-Naphthyl# 
2-Naphthyl 
o-Tolyl 
m-Tolyl 
p-Tolyl 
o-Chloropheny]! 
m-Chloropheny! 
p-Chloropheny! 
o-Anisy] 
p-Anisy] 
o-Nitrophenyl 
m-Nitropheny! 
a-Trifluoro-m-tolyl 
p-Benzophenony! 
201-246" 


a 


N Analysis, 
Formula Caled. F 
CyuHwOwWe 


NNN NNN NNO =) 


AW WNN NNN =f 

lo 


* Corrected melting points [micro m. p. (&))|, with decomposition. 


Begins to decompose at 201°, liquefies at 246° 
© Product washed with hot alcohol 
4 Dissolved in 5% 
* Recrystallized from water using decolorizing charcoal 
Washed with alcohol 
Refluxed seven hours 
& Washed with hot water 


NaOH and precipitated with 10% HCl! before recrystallizing 


4 0.0047 Mole of methionyl chloride and 0.0187 mole of p-aminoacetanilide used. 
i o-Aminobiphenyl «HCI obtained on cooling benzene; product obtained on concentrating and cooling benzene filtrate. 


kins (8), and Christian (9). A small amount of the 5- 
nitro-8-chloroquinoline recrystallized from alcohol 
melted at 145° (uncorr.), previously reported as 
144° (9) and 145° (8). A 64% yield of 8-chloro- 
quinoline was obtained. A 52.7% yield of the 
nitrated compound was obtained. 

Preparation of 5-Amino-8-chloroquinoline. —The 
method used was that described by Christian (9) and 
Dikshoorn (10) with modifications. To 25 Gm. of 
crude 5-nitro-8-chloroquinoline dissolved in 375 cc. 
of 50% acetic acid was added 37.5 Gm. of iron (20 
mesh) over a period of two hours, during which time 
the suspension was heated to boiling and the stirring 
was continuous. The stirring and heating were con- 
tinued for one hour longer after which the mixture 
was diluted to twice its volume with water, brought 
to boiling, made alkaline with 20° NaOH, filtered, 
and the filtrate placed in the cold. The precipitate 
was recrystallized from water to yield 7.1 Gm. 
(33.2%) of product; m. p. 158° (uncorr.) pre- 
viously reported as 152° (11) and 153-154° (9) 

Preparation of N,N’-Bis(8-chloro-5-quinolyl) 
Methionamide.—One and one-half grams (0.007 
mole) of methionyl chloride was slowly added 
through a dropping funnel to 300 cc. of an anhydrous 
benzene'solution containing 5 Gm. (0.028 mole) of 
5-amino-8-chloroquinoline in a round-bottomed 3- 
necked flask equipped with a mechanical stirrer. A 
small aznount of copper-bronze catalyst was added. 
A deep blood-red product was formed, and the mix- 
ture was refluxed gently for one-half hour on a water 
bath. After cooling, the mixture was filtered, and 


the dark red powder obtained was washed with 
several 50-cc. portions of warm water. The remain- 
ing product was recrystallized from alcohol, using 
decolorizing charcoal; pink crystals, m. p. 345° 
(dec.) yield 2.1 Gm. (60%) 

Anal.—Caled. for CisH,.O,N,S.CL: 
Found: N, 11.44%. 


N, 11.29% 


SUMMARY 


Twenty-three new derivatives of methionic 
acid possessing possible medicinal value have 
been synthesized. They are as follows: 


N,N’-Bis(2-pyridyl) methionamide 
N,N’-Bis(2-pyrimidyl) methionamide 
N,N’-Bis(4-methyl-2-pyrimidyl) methiona 
mide 

N, N’-Bis(4,6-dimethyl-2-pyrimidyl) 
ionamide 

N,N’-Bis(2-thiazolyl) methionamide 
N,N’-Bis( p-acetanilido) methionamide 
N,N’-Bis(o-xenyl) methionamide 
N,N’-Bis( 1-naphthyl)methionamide 
N,N’-Bis(2-naphthyl) methionamide 

N, N’-Bis(o-tolyl) methionamide 
N,N’-Bis( m-tolyl met hionamide 
N,N’-Bis( p-tolyl) methionamide 
N,N’-Bis(o-chlorophenyl) methionamide 
N,N’-Bis( m-chlorophenyl) methionamide 
N,N’-Bis( p-chlorophenyl) methionamide 
N,N’-Bis-(o-anisyl) methionamide 


meth- 
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4. 90 
66 
tid 
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37 
57 
60 
69 
59 
46 
61 
45 
3 
60 
; 65 
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| 
an 
1. 
3. 
4. 
6. 
7. 
9. 
10. 
il. 
; 12. 
13. 
14. 
15. 
16. 


17. N,N’-Bis(p-anisyl) methionamide 

18. N,N’-Bis(o-nitrophenyl) methionamide 

19. N,N’-Bis(m-nitrophenyl) methionamide 

20. N,N’-Bis(a-trifluoro-m-tolyl) methionamide 

21. N,N’-Bis(p-benzophenonyl) methionamide 

22. N,N’-Bis(8-chloro-5-quinolyl) methionamide 

23. 
methionamide 


Sufficient quantities of these compounds have 
been prepared for bacteriological and pharma- 
cological testing. 
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The relation between chemical constitution 
and estrogenic action has been investigated 
in a group of azomethine derivatives compris- 
ing all 4,4’ substitution combinations of four 
groups—H, CH,O, OH. 4,4'-Dihydroxy 
benzylidene aniline produced an estrogenic 
= nse in 12.5 mg. doses subcutaneously 

25 y doses intravaginally. Absorption 
ageuten were determined for all derivatives. 


I’ RECENT years it has been indicated that the 

development of pharmacologic agents is re- 
ceiving new impetus through applications de- 
rived from considerations of the relation between 
pharmacologic action and chemical constitu- 
tion (1-9). 

The present work has received its basis in the 
working hypothesis that estrogenic compounds 
may consist of rather large, rigid, relatively inert 
and lipoid-soluble, molecular structures with two 
active hydrogen-bond forming groups located at 
an optimum distance of 14.5 A.' units from one 
another 


* Received July 7, 1949, from the Department of Phar- 
macology, College of Medicine, State University of Iowa, 
lowa City 

t This work was aided by a grant from the United States 
Public Health Service 

t Preliminary Report, Federation Proc., 8 (1), 306(1949) 

§ Fellow, American Foundation for Pharmaceutical Educa 
tion. 

! Distances in A. units throughout this paper are measured 
on Fisher-Hirschfelder-Taylor Atomic Models. 


The Relationship between Estrogenic Action and 
Chemical Constitution in a Group of 
Azomethine Derivatives*t? 


By HUGH H. KEASLING,§ and F. W. SCHUELER 


Table I illustrates the application of this 
hypothesis to some known estrogenic compounds. 
It is to be noted that as the distance between 
active hydrogen bond forming groups is either in- 
creased or decreased from the optimum of 14.5 A. 
the potency is also decreased. 4,4’-Dihydroxy- 
azobenzene and 4,4’-dihydroxystilbene are par- 
ticularly interesting in view of the similarity be- 
tween the ethylenic and azo ring linkages. It is 
probable that the discrepancy in subcutaneous 
potency between these two derivatives is due to 
deactivation of the azo linkage in vivo before the 
compound reaches its site of action (10), especially 
since the azo derivative shows estrogenic action 
in doses of 40 y when applied intravaginally 
(11). 

As a logical follow-up of these two types of ring 
linkage it was thought to be of interest to investi- 
gate the intermediate type as represented in the 
azomethines. 

—CH=CH—- —CH=N— —N=N— 
Ethylenic Azomethine Azo 


As a class, the diphenyl azomethines fulfill 
quite closely the requirements of the working 
hypothesis, when the benzene rings are in the 
trans position. That the trans configuration ac- 
tually exists is indicated by analogy to stilbene 


88 JOURNAL OF THE AMERICAN PHARMACEUTICAL ASSOCIATION 


Tasie I.——-DISTANCE BETWEEN HypROGEN-BoND ForMING Groups AND ACTIVITY IN SoME KNOWN 
ESTROGENS (8) 


Compound 
trans-4,4’-dihydroxy-diethy] stilbene 
trans-4,4'-dihydroxy stilbene 
trans-4,4'-dihydroxy azobenzene 


1-methyl-2-(4-hydroxy 
naphthalene 
1,3-di-(4-hydroxy phenyl)-1,2-diethyl propane 
1,4-di-(4-hydroxy phenyl)-2,3-diethyl butane 
trans-3,3'-dihydroxy-diethyl stilbene 
trans-2,2'-dihydroxy-diethy] stilbene 


* Distances shown here were measured on Fisher-Hirschfelder-Taylor Atomic Models, 


and azobenzene in which the trans configuration 
has been shown quite conclusively to be the most 
stable form (12). 

To investigate the importance of variations in 
hydrogen-bond forming power, substitutions were 
made in the 4,4’ positions of the basic structure 
benzylidene aniline. These variations are shown 
in Table II. It is to be noted that the dihydroxy 
derivative represents the substance best fulfilling 
the requirements of the working hypothesis for 
estrogenic action in this series. The methoxy 
derivatives represent structures in which the ac- 
tive hydrogens have been blocked, while the 
hydrogen and methyl derivatives represent com- 
pounds in which the 4,4’ groups have low or no 
hydrogen-bond forming power. 

On the basis of the working hypothesis it is to 
be expected that only those compounds contain- 
ing two active hydrogen-bond forming groups 
held at the optimym distance from each other, 
or groups readily hydrolizable or enolizable in 
vive to active hydrogen-bond forming groups, 
One might 
further anticipate relatively low subcutaneous 


would show appreciable activity 


Distance,* A. Activity, Rat Units 
0.95 
400 
7.5 mg. (subcutaneous) 
40 (intravaginal) 


pheny])-3,4-dihydro-6-hydroxy 


0.57 
5.0 mg. 
Inactive 
Less than 4,4’ analog 
Less than 3,3’ analog 


activity, if the —CH=-N—bond between the 
rings if easily broken in vivo, but fairly high ac- 
tivity by the intravaginal method of administra- 
tion (i.e., application direct to the site of action). 

It was of interest to observe the effects of these 
orderly changes in the 4,4’ position on the ab- 
sorption spectra of these compounds. 


EXPERIMENTAL 
Preparation of Materials.-The azomethines 
were prepared in accordance with the following 
equation: 


R¢ >CHO + R’ 
F 


RE cH SR’ + H,O 


Equimolecular amounts of the appropriately sub- 
stituted amine and aldehyde were mixed with an 
approximately equal volume of ethanol (95°%). The 
reaction mixture was heated gently and sufficient 
ethanol added to bring both the reactants and prod- 


uct into complete solution. On cooling in ice the 
compounds which crystallized readily, were collected 
on a filter, and recrystallized from ethanol. In the 
preparation of 4-methyl benzylidene aniline and 


I].—-PuysicaL DATA OF THE AZOMETHINES 


Literature 


OCH, 


200 (Green) ) 
208 (Yellow) > 
Red 


OH 


205 


* Nitrogen analysis by Dumas method 


» As measured on Fisher-Hirschfelder. Taylor Atomix 


Experimental, 


Models 


Analysis® Distance 
b 
Found, % A. Units” Reference 


0 


Nitrogen 
Calc., ‘ 
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5.62 with 
2H,O 
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14.5 
15.5 
17.5 
11.0 
11.0 
wer 
a 
hy 
| R R’ M. P M. P 
H H 52 4 15 
a H CH, 35 36 5 16 
H OCH, 62 70 0 17 
OH 183 185 5 18 
BP CHy H 318° (b. p 1 5 19 
ie CH CH, 92-93 93 5 19 
q CH OCH, S7 6.22 6.16 0 i 
fait CH OH 200 6.64 6.60 5 ; 
OCH H 58-59 57 an 0 20 
OCH, Cil 92-93 O4 0 2) 
OCH, CH,O 146.7 146 . 0 20 
OCH OH ISS 189 5 20 
HO H 191-2 194 5 21 
HO CH 218 220 21 
HO 211-11.5 211-212 5 21 
ak HO = 202 {5.40 m5 13 
(9.08 
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benzylidene p-toludine the reaction mixtures were 
distilled at atmospheric pressure. 

In connection with the 4,4’-dihydroxy benzylidene 
aniline it was noted that the original product varied 
from orange to reddish orange in color. On re- 
crystallization of this product from water, reddish 
green leaflets were formed which on heating to 110—- 
115° in a drying oven changed to a brick red color. 
On recrystallization from anhydrous benzene the 
originally green compound gave a bright yellow 
crystalline product. Recrystallization of either the 
red or yellow forms from water regenerated the 
green form. On powdering, the green and red forms 
each gave an orange powder, while the yellow form 
remained bright yellow. Mixed melting points of all 
combinations of the three forms showed no depres- 
sion. Analysis of all forms show that they each con- 
tain two molecules of water crystallization. The 
product obtained by Smets and Delvaux (13) also 
contained two molecules of water of crystallization 
but only the orange form was mentioned. 4-Methyl- 
4’-methoxy benzylidene aniline and 4-methyl-4’- 
bydroxy benzylidene aniline have not been pre- 
viously prepared. Table II summarizes the data 
concerning melting points, results of analysis or 
literature references to previous preparation, and 
distance between 4,4’ terminal hydrogens. 

Estrogenic Tests.—The estrogenic tests were 
carried out using a modification of the method 
originally described by Allen and Doisey (14). 

This method depends on the characteristic changes 
which take place in the epithelial layer of the lumen 
of the rat vagina during estrus. In the anestrous 
phase the vaginal smear consists largely of leuco- 
cytes. During the anabolic phase of estrus these are 
gradually replaced by cornified epithelial cells which 
at the height of estrus almost completely replace the 
leucocytes in the vagina. During the catabolic phase 
the epithelial cells clump together in masses and are 
gradually replaced by leucocytes. 

The tests in these experiments were carried out 
using 52 Sprague-Dawley female albino rats weighing 
100-200 Gm. which were ovariectomized and allowed 
to recover. Starting one week after operation, 
vaginal smears were taken daily for seven days to 
test the completeness of ovariectomy, then, each rat 
was injected subcutaneously with two rat units of 
diethylstilbesterol dissolved in cottonseed oil, and 
vaginal smears taken daily for fourteen days to in- 
sure that all animals were capable of producing an 
estrogenic response under the stimulus of a known 
estrogen. All animals failing in the above tests were 
rejected and the remaining animals smeared daily 
until they exhibited a continuous anestrus condition 
for two weeks. 

In all experimental testing propylene glycol was 
used as the solvent. Subcutaneous injections were 
made at eight-hour intervals for five doses and 
vaginal smears were taken every eight hours for five 
days. The first smear was taken eight hours after 
the last injection of drug. Four animals were used in 
the tests for each compound on each dosage level. 

4,4’-Dihydroxy benzylidene aniline produced a 
true estrogenic response in 12.5 mg. total dose sub- 
cutaneously. For comparison, double the 12.5 mg. 
dose was used as the level of administration for the 
other compounds. None of the other compounds 
tested produced a true estrogenic response at the 25 
mg. dosage level. 


In order to test the activity of 4,4’-dihydroxy 
benzylidene aniline when applied ideally to the site 
of action, intravaginal injections were made at eight- 
hour intervals for five doses, vaginal smears were 
taken as previously described. A definite estrogenic 
response was elicited with a 25 y total dose. It 
should be pointed out that due to the incomplete re- 
tention of the solution by the vagina in this method 
the figure 25 y represents, very probably, consider- 
ably more than is actually required to produce this 
response. 

Absorption Spectra.__The absorption spectra were 
determined with a Beckman, Model DU Quartz 
Spectrophotometer.? Absolute methanol was used 
as the solvent, and all spectra were determined using 
a concentration of 5y/cc. All solutions were prepared 
immediately before use, since on standing as little as 
eight hours, a definite change in the spectrum was 
noted. 

Table III summarizes the maxima of the com- 
pounds studied. The spectrum of each of the three 
forms of 4,4’-dihydroxy benzylidene aniline was de- 
termined but no significant difference was noted. 


DISCUSSION 


The three forms of 4,4’-dihydroxy benezylidene 
aniline were of particular interest, especially since in 
the reference to its previous preparation no mention 
of this phenomenon was made (13). The variation 
among the melting points of the three compounds is 
slight and since mixed melting point determinations 
and the absorption spectra were essentially the same, 
it is probable that the difference in the three forms is 
due to variations in crystalline structure and could 
be best termed polymorphism. This hypothesis is 
strengthened by the occurrence of a similar phe- 
nomenon in the case of azophenol (22). 

The results of the estrogenic tests show that 4,4’- 
dihydroxy benzylidene aniline is the only compound 
of this series to produce an estrogenic response, at the 
dosage levels used. It appears that its activity is in- 
termediate between that of 4,4’-dihydroxy stilbene 
and azophenol. The low order of activity by the 
subcutaneous route is probably due to the detoxifica- 
tion of the azomethine link in vivo before the com- 
pound reaches its site of action. Although the de- 
toxification mechanism for the azomethine link is 
unknown,’ it is probable that its fate is similar to that 
of azobenzene in which the double bond between the 
rings is cleaved and two molecules of amine formed 
This hypothesis is further borne out by the consider- 
able activity of the dihydroxy derivative when 
applied intravaginally. 

The prediction that the greatly diminished hydro- 
gen-bond forming power of the methoxy, methyl, and 
hydrogen substitutions would result in inactivity of 
these derivatives is borne out! by the tests. It is 
probable that, although the methoxy-hydroxy and 
dimethoxy combinations may be hydrolized in vivo 
to give the active dihydroxy derivative, the rate of 


? The authors wish to thank Dr. R. M. Featherstone for 
his advice on the operation of the Beckman Spectrophotom- 
eter 

* A preliminary investigation of the process of detoxifica- 
tion of benzylidene aniline in the dog indicates that benzyli- 
dene aniline given orally produces a pronounced methemo- 
globinemia comparable with that produced by aniline, and 
that this may be due in part to the breakdown of benzyli- 
dene aniline im vivo through the hydrolysis of the azomethine 
linkage 
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093 
099 
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264 
100 
127 
248 
222 
284 
348 
331 
314 
198 
350 
4.197 
4.199 


Maxima 
logue 


474 


detoxification of the azomethine linkage precludes 
activity from these derivatives due to its relatively 
greater chemical lability 

The absorption spectra reveal that all derivatives 
possess a characteristic maxima in the range 260-290 
mu and 310-330 my. It will be noted in the case of 
the symmetrically disubstituted derivatives that a 
bathochromic shift occurrs in the order H<CH;< 
OCH,;<OH. A similar phenomenon is noticed in the 
case of the derivatives in which R is H and R’ is H, 
CH;, OCH,, and OH, and again in the derivatives in 
which R’ is H and R is H, CH;, OCH,, and OH. In 
the latter two series a hyperchromic effect is noted 
also in connection with the maximum in the range 
310-330 mu. It will be noticed that these effects are 
more pronounced when the substitution is on the 
nitrogen side of the azomethine linkage. This may 
be due to the relatively lower kernal charge of the 
nitrogen with respect tocarbon. Varga (23) and later 
Smets and Delvaux (13), investigated the effects of a 
substitution on the spectra of certain azomethines. 
Although comparison of spectra is difficult since 
different solvents have been used, and these investi- 
gators used several different struments in order to 
obtain a complete spectra, this work is in general 
agreement with their results. 


SUMMARY 


1. Sixteen azomethines have been prepared 
and studied with regard to chemical constitution 
versus pharmacological action. Two of these 
substances, p-methyl-benzylidene p’-methoxy- 
aniline and p-methyl-benzylidene p’-hydroxy- 
aniline are new compounds 

2. Absorption spectra for all 16 of these azo- 
methines have been determined. 


3. A phenomenon thought to be due to poly- 
morphism has been investigated in p,p’-dihy- 
droxy-benzylidene aniline. 

4. The working hypothesis that a compound 
consisting of a rather large, rigid, relatively inert, 
and lipoid soluble molecular structure with two 
active hydrogen-bond forming groups located at 
an optimum distance of 14.5 A. units from each 
other will show estrogenic action has been borne 
out in this series of azomethines. 
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Acute and Chronic Toxicity of Veratrum Viride*.t 


By ADOLINE S. PERDUE, FRANCES BELL, W. R. STARNES, 
PHILIP HITCHCOCK, and R. S. TEAGUE{ 


Acute and chronic toxici 


studies have been carried out on a preparation of whole- 


wdered Veratrum viride. This material had previously been assayed by the manu- 
acturers using the Craw method on Daphnia magna. One Craw unit of the prepara- 


tion studied was said to be equal to 15.6 mg. 


e acute oral LDs» of this material 


in rabbits was found to be 2.3 + 0.3 Gm./Kg. The acute intraperitoneal LD» in 
rats was found to be 118 + 11 mg./Kg. The acute oral LDso in rats was above 8 
Gm./Kg. A chronic toxicity study of the preparation was performed on paired-fed 
rats. Severe toxicity was not encountered until the dose level was 2.9 per cent of the 


diet. 


Most of the toxic effects seemed to be related to inanition. 


No characteristic 


pathologic lesions were found in the viscera. 


XPERIMENTAL acute toxicity studies of the 
tincture or of the fluidextract of Veratrum 
viride have been reported in the past. Our in- 
terest has been in the toxicity of the whole drug 
rather than just the alcohol-soluble portion and 
especially in its chronic oral toxicity, which has 
not been previously reported. 


METHODS 


The animals used were male and female rats from 
our Long-Evans colony and adult male rabbits pur- 
chased locally. In the chronic studies the rats were 
kept in metabolism cages and fed Purina chow. The 
drug-diet method of administration was used, with 
paired-fed controls. A weighed amount of the drug 
was mixed daily with ground chow. In experiment 
1, a freshly prepared aqueous suspension of the drug 
was given daily into the esophagus by means of a 
syringe and a ball-tipped needle. Daily repords (ex- 
cept Sunday) were kept of body weights food con- 
sumption, water intake, and urine volume. After a 
preliminary period of stabilization of seven to four- 
teen days, drug administration was begun. When a 
death occurred, the other member of the pair was 
usually sacrificed. Data were obtained at the time 
of sacrifice under pentobarbital as to gross appear- 
ance of viscera, organ weights, complete blood counts 
and blood sugar on cardiac blood. Various organs 
were fixed and sectioned for microscopic examina- 
tion. The LD.» for each acute toxicity study was 


* Received May 12, 1949, from the Department of Phar 
macology, Medical College of Alabama, Birmingham 5 

t The Veratrum viride studied was the whole-powdered 
drug marketed by Irwin, Neisler & Co. under the name, Ver- 
tavis. The work reported herein was supported by a grant 
from this firm. The batch of powder used in these experi- 
ments was stated by the manufacturer to have been assayed 
biologically by the Craw method on Daphnia magna. One 
Craw unit of the material studied was stated to be 15.6 mg. 
With regard to this assay, Mr. R. O. Craw has been so kind 
as to allow us to publish a brief explanation: A reference lot 
of Veratrum viride powder was set aside as a standard and a 
10% w/r aqueous extract was made of this powder. The 
average median length of life in 50 assays of 1000 daphnia 
on immersion in the solution was determined to be 2.22 hours 
The daphnia were considered dead when the heart was found 
to be in systolic standstill on microscopic examination 
Succeeding lots of powder were assayed and their potency 
determined by relating the median length of life of daphnia 
to 2.22 hours, which is one unit. Twenty assays of 10 animals 
each were used on each lot of powder. 

$ The authors wish to thank Dr. J. F. A. McManus of the 
Department of Pathology for a pathologic report on the 
tissues, and Mr. James Thomas and Mrs. Bobby E. Teague 
for technical assistance. 


obtained by the method of Miller and Tainter (1), 
and statistical analysis was applied to the chronic 
study data where feasible. 


RESULTS 


Acute Oral Toxicity in Rabbits.—A 10% aqueous 
suspension was administered to 39 rabbits by 
stomach tube in one day. The results are presented 
in Fig. 1. 


ACUTE ORAL TOXICITY OF VERATRUM IN RABBITS 


L.O. =2.3+.3 Kg. 
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Fig. 1.—Acute oral toxicity of Veratrum viride 
in rabbits. Regression line fitted by the method of 
least squares. LDy estimated by the method of Miller 
and Tainter (1) to be 2.3 Gm./Kg. with a standard 
error of +0.3. 


Acute Intraperitoneal Toxicity in Rats.—_A 10% 


. aqueous suspension was injected intraperitoneally in 


42 male rats in one day. The results are presented 
in Fig. 2. In these acute experiments all deaths 
occurred within eighteen hours; the survivors were 
observed for one week. An attempt was made to ob- 
tain an acute oral LD.» in rats but, since no deaths 
occurred in 18 rats with doses from 0.2 to 8.0 Gm./ 
Kg. in a 10% aqueous suspension, the experiment 
was abandoned. 

Chronic Toxicity.—Table I summarizes the weight 
changes, food intake, water intake, urine volume, 
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Acute intraperitoneal toxicity of Vera- 
estimated as 118 11 


Fig. 2.- 
trum viride in rats 
mg./Kg. 


and mortality of rats in six experiments in which 
veratrum was administered in a chronic study. The 
drug-diet method with nutrition controls was used 
except in the first experiment where a 10% aqueous 
suspension of veratrum was administered orally. 
Deaths in the first experiment were probably acci- 
dental, as a result of tube-feeding. In the third ex- 
periment one group fed ad libitum was included. 
Significant differences in thy results from nutrition 
controls were calculated by Student's ¢ test. It will 
be seen from this table that the first toxic sign to 
appear as the dose of veratrum was increased is a 
decrease in water intake. Serious toxicity was not 
encountered until the veratrum level in the diet was 
2.9% (experiment 6). Here all experimental rats 
died in four to twelve days and highly significant 
differences in weight loss and water intake occurred. 
The difference in food intake here is probably an 
artifact due to the short duration of the experiment. 
It would seem that most of the toxicity except at the 
highest veratrum level is related to a decrease in food 
intake. The growth rate in experiment 4 is shown 
in Fig. 3. 


Fig. 3.—Growth curve of male rats in experiment 
4. @—@ veratrum-fed; paired-fed; un 
treated, food ad lib. Veratrum level 2.0°) in diet of 
powdered Purina chow 


Twenty-four hours before sacrifice, food was re 
moved from all animals in order to obtain fasting 
weights. At the time of sacrifice, organs were 
weighed and blood counts were made. These data 
were averaged after adjusting in some cases for the 
fasting weight of the animals and summarized in 
Table II. There were no consistent nor usually any 
marked differences in organ weights, blood counts, 
hemoglobin, or blocd sugar levels in the two groups. 
The liver and adrenal weights were slightly increased 
in the experimental groups. The leucocyte count on 
heart blood tends to be low in our colony. No blood 
studies nor organ weights were obtained in experi- 
ment 6 because the veratrum-treated animals died 
during the night. 

No characteristic changes on autopsy were ob- 
served grossly in rats receiving veratrum. On 
microscopic examination likewise no characteristic 
pathological lesions were found. Tissues from one 
control rat and one or two veratrum-treated rats in 
each experimental group were studied. In most 
cases these tissues included sections from the heart, 
liver, adrenal, and kidney. 


DISCUSSION 


Using the tincture, Pilcher (2) found an average 
M. L. D. for Veratrum viride of 2.3 mg./Gm. in 
frogs and 0.27 mg./Gm. in guinea pigs after intra- 
peritoneal injection. Rowe (3) obtained an average 
M. L. D. of 0.29 mg./Gm. in mice after intraperi- 
toneal injection of Veratrone, an aqueous dilution of 
fluidextract. The corresponding value in frogs was 
0.68 mg./Gm. Christensen and McLean (4) com- 
pared the M. L. D. of the tincture in various species, 
but obtained variable results. They found the intra- 
venous L.D;; for pigeons was 0.03 to 0.105 mg./Gm. 
In mice the figure after intraperitoneal injection was 
0.2 to 0.8 mg./Gm. (All above values have been ad- 
justed for dry veratrum.) Our LD.» of 118 mg./Kg. 
for rats after intraperitoneal injection does not 
differ far from these results except in frogs, but our 
oral L Dy in rabbits of 2.3 Gm./Kg. is quite different. 
Apparently, the toxicity after oral administration is 
much lower than after injection. 

In the chronic toxicity studies serious toxic effects 
were not seen until rather high veratrum levels in the 
diet were reached. Most of the toxicity seemed to be 
related to inanition. Microscopic éxamination of the 
organs confirmed this impression. If we may be 
allowed to extrapolate these findings for comparison 
with the clinical toxicity usually seen, that is, 
nausea and vomiting, it would seem probable that 
such clinical signs are more likely related to the cir- 
culatory changes induced by veratrum rather than 
indicative of a fundamental toxic effect on the 
viscera. 


SUMMARY 


1. Acute and chronic toxicity studies have 
been carried out on a preparation of whole- 
powdered Veratrum viride. 

2. The acute oral LD» of the preparation of 
whole-powdered Veratrum viride in rabbits was 
found to be 2.3 +0.3 Gm./Kg. 

3. The acute intraperitoneal LD of the drug 
in rats was found to be 118 #11 mg./Kg. 
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4. The acute oral LD of the substance in rats 
lies above 8 Gm./Kg. 

5. Acchronic toxicity study of the preparation 
by the drug-diet method was performed on 
paired-fed rats. Severe toxicity was not en- 
countered until the dose level was 2.9 per cent of 
the diet. 

6. Most of the toxic effects seen in the chronic 
study seemed to be related to inanition. This 


conclusion was confirmed by the absence of 
marked differences from controls in organ weights, 
blood counts, and in microscopic findings in the 
viscera. 
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The Ultraviolet Absorption of Heparin Sodium*?! 


By FREDERICK K. BELL and JOHN C. KRANTZ, Jr. 


The absorption spectra of low, medium, and 

high potency heparins have been determined. 

From the results obtained and reported it ap- 

pears that the — of the spectrophoto- 

metric method in the ultraviolet region of 

the spectrum possesses definite applicability 
to heparin research. 


IT’ CONNECTION with the proposed inclusion of 

heparin sodium in the forthcoming revision 
of the United States Pharmacopoeia, we have 
been interested in the examination of the ultra- 
violet absorption of this substance in aqueous 
solution. This report includes our observations 
concerning fifteen heparin preparations and two 
synthetic anticoagulants 


EXPERIMENTAL 


For the measurement of the absorption spectra we 
have used a Beckman Ultraviolet Spectrophotometer 
equipped with a hydrogen tube as the source of 
radiation. Quartz absorption cells having a light 
path of approximately 1 cm. were used. In most 
cases the heparin solutions were 0.5°%) in distilled 
water, and distilled water was used as the com 
pensating blank 

The spectral region selected for investigation was 
between 220 and 330 mu Spectrophotometric 
readings were made at intervals of 2 mu beginning at 
the shorter wave-length limit at 220 ma_—_—In order to 
this limit it was 


obtain a satisfactory reading at 


* Received July 25 
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Revision of the United States Pharmacopatia Dr H.C 
‘pruth of the Abbott Research Laboratories; Drs. M. F 
Furter and E. G. EF. Shafer of Hoffmann-LaRoche, Inc ; 
Dr. M. H. Kurzanga of the Upjohn Company; and Dr 
Joseph Seifter of the Wyeth Institute of Applied Biochem- 
istry. 
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necessary to set the instrument at minimum sensi- 
tivity and wide slit width. With subsequent read- 
ings toward longer wave lengths and with increased 
intensity of the radiation, the sensitivity setting was 
increased while a wide slit setting was maintained. 
Usually at 240 mu the optimum sensitivity of the in- 
strument, as recommended by the maker, was at- 
tained and from that point on major adjustment 
was accomplished by reducing the slit width. From 
a typical experiment the slit widths used at 240, 260, 
280, 300, and 320 mu were, respectively, 1.7, 1.0, 0.7, 
0.55, and 0.44 mm. 


MATERIALS 


The 15 samples of heparin sodium examined, to 
which have been assigned consecutive numbers be- 
ginning with one, have been distributed among three 
arbitrary classes on the basis of anticoagulant po- 
tency. These classes are: (a) high potency of 
approximately 130 Provisional International Anti- 
coagulant Units per mg. (PIU/mg.); (+) medium 
potency of approximately 100 PIU/mg.; and (c) low 
potency corresponding to approximately 50 PIU/ 
mg. It will be convenient to separate the samples 
into four groups 

Group A consists of 5 preparations distributed by 
the United States Pharmacopeeia in its collaborative 
study of available assay methods. It includes a high 
(No. 1), a medium (No. 5), and a low (No. 3) po- 
tency powder. Sample No. 4 is a high potency solu- 
tion containing 10 mg./cc. which was diluted with an 
equal volume of water, and No. 15 indicates the Pro- 
visional International Standard Heparin Sodium 
Aliquots of “‘pure”’ heparin submitted by each of the 
several collaborating commercial laboratories were 
mixed and reprocessed. This material, designated 
as No. 2, is the proposed reference standard hepirin 
sodium of the Pharmacopoeia 

Each of the remaining groups, B, C, and D, con 
sists of three assayed heparin samples, and each 
group originates from a different commercial labora 
tory. The samples (Nos. 6 to 1, inclusive) are in 
tended to cover the general range of “‘crude”’ and 
“pure” heparin. 
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RESULTS 


Typical absorption spectra obtained in the ex- 
amination of these heparin preparations are shown 
graphically in Figs. 1 to 7, inclusive, in which the 
optical density has been plotted against the wave 
length in millimicrons. On the basis of the general 
appearance of these spectra three types of curves 
may be identified. In the first type, as exemplified 
by Nos. 3, 13, and 14, a high terminal opacity at 220 
my rapidly decreases as the wave length increases, 
followed by a considerably more gradual decrease. 
In the second type, as shown by Nos. 6, 7, 8, 10, and 
11, there is a similar rapid decrease followed by a re- 
gion of almost constant absorption and then a 
gradual decrease in opacity. This type appears to 
fall between the first and the third types, which in- 
cludes Nos. 1, 2, 4, 5,9, 12,and 15. Here again there 
is relatively high terminal opacity which decreases 
rapidly to a region of maximum transparency fol- 
lowed by a region of maximum absorption. Both of 
these regions are broad and show striking sym- 
metry. The general picture is that of a recumbent 
S-shaped curve. 

In Table I we have summarized the information 
concerning the various heparin solutions examined. 
Where absorption maxima and minima occur, their 
approximate locations have been indicated. Some 
additional information, not included in Table I, 
should be noted. No assay values are available at 
this time on the potency of the proposed reference 
standard heparin (No. 2) or of the heparin solution 
(No. 4) which was labeled “‘high potency.”” Sample 
No. 5 consists of aliquots of samples Nos. 1 and 3 and 
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340 


Fig. 1.—1 = 
PIU/mg. 2 = proposed reference standard. 
low potency powder, approx. 50 PIU/mg. 
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OPTICAL DENSITY 


220 260 300 


MILLIMICRONS 
Fig. 2.—4 = high potency solution + 1 vol. water. 
5 = medium potency powder, approx. 90 PIU/- 
mg. 


340 


2.0 


OPTICAL DENSITY 
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Fig. 3.—Group A.—6 = 55 PIU/mg., 0.25% solu- 
tion. 7 = 99 PIU/mg., 0.5% solution. 8 = 60 
PIU/mg., 0.5% solution. 
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OPTICAL DENSITY 


220 260 300 340 
MILLIMICRONS 
Fig. 4.—Group B.—9 = 130 PIU/mg., 0.5% 
solution. 10 = 119 PIU/mg., 0.5% solution. 


OPTICAL DENSITY 


220 260 300 340 
MILLIMICRONS 
Fig. 5.—Group B.—11 = 102 PIU/mg.,, 0.5% 
solution. 
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OPTICAL DENSITY 


220 260 300 340 
MILLIMICRONS 
Fig. 6.—Group C.—12 = 130 PIU/mg., 0.5% 
solution. 13 = 102 PIU/mg.,0.5% solution. 14 = 
60 PIU/mg., 0.5% solution. 
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300 340 
MILLIMICRONS 
Fig. 7.—Provisional International Standard.—15 = 
solution. 16 = 0.25% solution. 
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has been assigned a value based on the average of the 
potencies of the two components. 

The spectrum corresponding to sample No. 17 was 
obtained from a specimen of algarin kindly supplied 
us by Dr. Joseph Seifter of the Wyeth Institute of 
Applied Biochemistry. This substance, which has 
been described elsewhere (1), gives an absorption 
spectrum quite different from any of the others we 
have reported. Subsequently Dr. Seifter sent us a 
second sample of algarin which is described (2) as 
somewhat more potent and considerably less toxic 
than the earlier compound. The spectrum of this 
compound (No. 18) shows a striking resemblance to 
that obtained from the high potency heparin No. 9. 
Both substances were examined as 0.5% aqueous 
solutions. 


DISCUSSION 


In view of the limited scope of this study it is 
readily recognized that only provisional conclu 
sions can be drawn. Furthermore, in the absence 
of information concerning the degree of purity, 
homogeneity, and methods of preparation of the 
various heparin samples examined, only limited 
emphasis will be placed on the quantitative as- 
pect of the absorption spectra. In spite of these 
limitations several interesting points are worthy 
of note. 

The absorption spectra of the low and medium 
potency heparins show no consistent relationship 
to the anticoagulant activity. However, all of the 
high potency preparations reveal a recumbent 
S-shaped pattern consisting of a region of trans- 
mission, followed by one of absorption in the 
longer wave lengths. 


2.0 


OPTICAL DENSITY 


220 260 300 340 
MILLIMICRONS 
Fig. 8.—17 = Algarin A, 0.5°% solution. 18 = 


Algarin B, 0.5°% solution. 


The absence of any of the commonly recognized 
chromophore groups in the structures proposed 
for heparin strongly suggests that the absorption 
pattern of the high potency heparins is largely 
determined by the presence of an impurity. Since 
the location of the maxima and minima of the 
absorption patterns (as listed in Table I) shows a 
considerable variation, it may be assumed that 
such an impurity possesses structural complexities 
similar to that of heparin itself. A second pos- 
sible explanation of these observations is that the 
absorption is due to some hitherto undisclosed 
structure of heparin itself. In either case the ap- 
plication of the spectrophotometric method in the 
ultraviolet region of the spectrum appears to have 
definite possibilities in heparin research. A con- 
siderably more extensive study will be required to 
establish the true significance of these results. 
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The Chemical Determination of Folic Acid 
in Pharmaceutical Preparations*t 


By PALMER A. WARE and GEORG CRONHEIM 


The procedure of Hutchings, et a/., has been modified for use with pharmaceutical 
preparations containing colored materials such as iron salts, liver, vitamins, etc. 
Concentrations of folic acid as low as 0.01 per cent can be accurately determined 
in the presence of these colored materials by using the modified procedure. Illus- 
trations are given of how the method was evolved. A curve was prepared for 
commercial folic acid and water solution using para-amino benzoyl glutamic acid 
as a primary standard. One by one the colored ingredients were added and the 
curves examined in turn. The effect of increments of folic acid was studied. As- 
says were checked at different dilutions. Finally, aged samples of dark solu- 
tions were tested by both the chemical and microbiological assays and the results 


comp 


A CHEMICAL procedure for the determination of 

folic acid has been published by Hutchings, 
etal. (1). It is based on the observation that, in 
the presence of reducing agents such as zine dust 
or zinc amalgam in acid solution, folic acid can be 
broken into its component parts, one of which, 
p-aminobenzoylglutamic acid can be estimated 
by the colorimetric procedure of Bratton and 
Marshall (2). The method is stated to be satis 
factory for concentrations of 5 per cent or more of 
the active compound. 

While studying various pharmaceutical prepa- 
rations to which synthetic folic acid had been 
added, a chemical assay was desired to determine 
this component in mixtures together with other 
B-complex vitamins, liver, and iron. 

The first difficulty in applying the chemical 
method to pharmaceutical mixtures was the fact 
that such preparations, particularly those con- 
taining liver, are very dark and thus obscure the 
However, the 
concentration of folic acid is usually sufficiently 


color obtained from folic acid. 


high so that this interference can be eliminated by 
proper dilution and the use of a sensitive color- 
imeter. 

The second and more important problem was 
the proper evaluation of the unreduced or blank 
readings. 
for para-aminobenzoylglutamic acid, the blanks 
may vary in an unpredictable manner from 


Since the color reaction is not specific 


sample to sample. The present study indicates 


that under proper conditions these readings are 
strictly additive to those obtained from folic acid 
after reduction so that the latter may be deter- 
mined by difference. 


* Received May 27, 1949, from the Research Department 
of The S. EB. Massengill Company, Bristol, Tenn 
Presented to the Scientific Section, A. Pu. A., Jacksonville 
meeting, April, 1949 
We are indebted to the Pharmaceutical Division of Calco 
Chemical for some of the microbiological folic acid deter- 
minations mentioned in this study 
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EXPERIMENTAL 


A calibration curve was prepared using commercial 
folic acid previously standardized against para- 
aminobenzoylglutamic acid. Within the range used, 
the blank readings are practically the same and the 
results for folic acid follow Beer’s law (Fig. 1, line 1). 

The effect of other components on the assay was 
first studied by adding to the folic acid solution an 
iron salt (peptonized iron) and B-complex vitamins 
(thiamine, riboflavin, and niacin) (Fig. 1, line 2), or 
liver concentrate and iron (Fig. 1, line 3) or liver 
concentrate, iron, and B-complex vitamins (Fig. 1, 
line 4). 
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O, pure folic acid; ©, folic acid + Fe + B-complex; 
©, folic acid + liver + Fe; @, folic acid + liver + 
Fe + B-complex; @, multivitamin preparation + 
varying amounts of folic acid: ©, aged preparation. 


The readings were plotted on semilog paper 
against folic acid concentration, and the correspond- 
ing test and blank readings were connected by 
straight lines. It should be noted that the lines 
thus obtained are exactly parallel to the calibration 
curve for folic acid. Thus, the conclusion seems 


* Equivalent to the p-amino benzoyl glutamic 
acid in final 100 ml. of colored solution. 
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justified that the color from the folic acid is strictly 
additive to that of the blank readings, and that B- 
complex vitamins, iron peptonate, and liver paste do 
not interfere with the determination. 

To check the method further, a liver-iron pep- 
tonate-B-complex preparation was taken as a base 
and different increments of folic acid were added. 
When the same dilutions were used, all the blanks 
gave identical readings. The increment values of 
folic acid fell on a straight line which was again 
parallel to that obtained with folic acid solution 
(Fig. 1, line 5). 

The validity of the method was also studied by 
assaying the same sample at two different dilutions. 
In order to have a high blank reading a 6-month old 
liver-iron peptonate-B-complex preparation with 
folic acid was assayed and the results plotted as 
lines A and B. When calculated individually, the 
folic acid concentration was 9.0 and 9.8 mg. %, re- 
spectively, which is quite satisfactory for this type of 
determination. 

In two other samples of liver, iron peptonate and 
B-complex, the results of the chemical assay were 
compared with the microbiological test. The data 
(Table I) show that the two methods agree well with 
each other. It should be noted that the blank read- 
ings went up considerably on aging. This is due, at 
least in part, to the decomposition of folic acid. 

Since in the preceding experiments only iron 
peptonate had been used, it was of interest to in- 
vestigate the effect, if any, of ionized ferrous and 
ferric salts. The results of all these experiments are 
summarized in Table II. 


TAB 


Sample Freshly made 
3 wks. at 45° 
Sample 10 mo. room temp. 


TABLE IT. 
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In the presence of ferric ammonium sulfate or 
ferric ammonium citrate, the determination of folic 
acid worked fairly well with only a small apparent 
loss of folic acid. With a ratio of folic acid to ele- 
mental iron of 1:10 the error amounted to not more 
than 10%. 

An entirely different situation was found with 
divalent iron salts. In the presence of ferrous sul- 
fate, the loss of folic acid was considerable, ranging 
from 50% to 70%. Since the blank readings re- 
mained unchanged, this loss could not be explained 
by a reduction of folic acid by the ferrous ions. 
Thus it appeared probable that part of the folic acid 
was adsorbed on the iron precipitate which is 
formed in the first step on addition of sodium hy- 
droxide. This assumption found support in the 
following unexpected observation: 

When ferrous gluconate was used as the source of 
divalent iron, no iron precipitate developed with 
sodium hydroxide and the estimation of folic acid 
gave results ranging from 90° to 97% of the 
theoretical value. Furthermore, when sodium glu- 
conate was added to a mixture of folic acid and 
ferrous sulfate, the folic acid determination gave 
very satisfactory results. Gluconic acid alone had 
no apparent effect on the procedure. 

Two different samples of the folic acid—B-com- 
plex-ferrous gluconate mixture (bottom line in 
Table II) were also checked by microbiological 
assay. The tests indicated 100° and 103%, re- 
spectively, of the calculated amounts, thus indi- 
cating again the satisfactory agreement between the 
chemical and microbiological methods. 


LE I 


Calcu- 
lated 


16.9 
16.9 
16.9 


Chemical 
Assay 


16.8 = 99% 
6.5 = 39% 
8.0 = 47% 


Forre Acip DETERMINATIONS IN PRESENCE OF FERRIC AND FERROUS SALTS 


——Colorimeter Reading —— 


5.8 mg. folic acid 

5.8 mg. folic acid plus 0.45 Gm. ferric ammonium 
sulfate 

5.8 mg. folic acid plus 0.33 Gm. ferric ammonium 
citrate 

5.8 mg. folic acid plus 0.45 Gm. ferric ammonium 
sulfate plus 2.5 ml. sodium gluconate solution 

5.8 mg. folic acid plus 0.33 Gm. ferric ammonium 
citrate plus 2.5 ml. sodium gluconate solution 

5.8 mg. folic acid plus 0.26 Gm. ferrous sulfate, 
dried 

5.8 mg. folic 
dried 

5.8 mg. folic acid plus 0.26 Gm. ferrous sulfate, 
dried, plus 2.5 ml. sodium gluconate solution 

5.8 mg. folic acid plus 0.52 Gm. ferrous sulfate, 
dried plus 2.5 ml. sodium gluconate solution 

5.8 mg. folic acid plus 0.67 Gm. gerrous gluconate 

5.8 mg. folic acid plus 1.34 Gm. ferrous gluconate 

5.8 mg. folic acid plus 0.67 Gm. ferrous gluconate, 
20 mg. thiamine hydrochloride, 20 mg. riboflavin, 

40 mg. nicotinamide 


acid plus 0.52 Gm. ferrous sulfate, 


Folic Acid 
Reduced Recovery, 
Sample % 


57 100 
90 


Unreduced 
Sample 


60 
60 


|_| 
q 
wae 
- 10) 
Aying ine | | Assay 
71 52 
63 56 | 7.9 = 47% 
66 57 7.4 = 44% 
98 
97 
97 §.2 90 
76 58 3.0 52 
73 57 2.7 47 . 
98 72 3.3 57 
98 83 2.3 31 
91 54 5.6 97 
85 49 5.7 98 
92 54 5.6 97 
83 5.2 90 - 
81 50 §.2 90 
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IIl.—Errecr or STANDING ON UNREDUCED 
(BLANK) SOLUTION 


Colorimeter Read- 
ing of the 
Unreduced 

(Blank) Solution 
Prepared 
After 
Imme- 24 
diately Hours 
5.8 mg. folic acid 48 96 
5.8 mg. folic acid plus 0.26 
Gm. ferrous sulfate, 
dried OS 95 
5.8 mg. folic acid plus 0.52 
Gm. ferrous sulfate, 
dried 
5.8 mg folic acid plus 0.67 
Gm. ferrous gluconate 


5.8 mg. folic acid plus 1.34 
Gm. ferrous gluconate 


It should be emphasized that the folic acid deter- 
mination in the presence of ferrous salts plus sodium 
gluconate must be carried out as speedily as possi- 
ble. It is particularly important that the unreduced 

blank) sample is not left standing for any length of 
time in order to prevent a reduction of folic acid by 
the combined action of ferrous ions and gluconic 
acid (Table IIT). 

Attempts to use gluconic acid in the presence of 
ferric salts had a very detrimental effect on the folic 
acid. While the color of the reduced sample re- 
mained the same, the color of the blank increased 
considerably thus indicating a decomposition of the 
folic acid molecule. 


ASSAY PROCEDURE 


Reagents 


20% solution of sodium gluconate. 

0.1° solution of sodium nitrite. 

0.5% solution of ammonium sulfamate 

0.1°% solution of N-(1-naphthyl)-ethylenediamine 
dihydrochloride 

Zine Amalgam.—Add about 10 Gm. of mossy 

zine metal for each 20 ml. of mercury. Heat to 150° 
and stir until the zinc is dissolved. If the amalgam 
is not liquid when cooled to room temperature, add a 
little more mercury and warm again. Recover the 
amalgam after each determination and wash with 
0.1 N HCl and distilled water. Dry the mercury by 
pouring through filter paper and resaturate with zinc 
as described above 

Vethod loa sample containing from 1 to 10 mg. 
of folic acid add 10 ml. of NV sodium hydroxide and 
dilute to 100 ml. with water. When ferrous salts 
other than ferrous gluconate are present, add first 
2.5 ml. of sodium gluconate solution to prevent the 
formation of an iron precipitate. Filter rapidly 
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To exactly 10 ml. of the filtered solution add 50 
ml. of N hydrochloric acid, dilute to 100 ml. and 
divide into two parts of 50 ml. each. To one part 
add 5 ml. of the zinc amalgam, stopper, and shake for 
thirty minutes. Use the unreduced part as a blank, 
completing it immediately. 

In 100 ml. volumetric flasks, add to 10 ml. of the 
sample and blank, respectively: 

(a) 5ml. of N HCl and 35 ml. of water; 

(b) 5ml. of 0.1% sodium nitrite, mix and let stand 

three minutes; 

(c) 5 ml. of 0.5% ammonium sulfamate, mix and 
let stand three minutes; 

(d) 5ml. of 0.1% N-(1-naphthy]) ethylenediamine 
dihydrochloride, mix and let stand ten 
minutes; 

(e) 5 ml. of N HCl and dilute to exactly 100 ml. 


Read the transmittance of the unreduced (blanks) 
and reduced samples at 550 my in a suitable colo- 
rimeter. 

For each sample, draw a line from the reading of 
the unreduced sample (concentration of folic acid = 
0) parallel to the standard curve for folic acid solu- 
tion. Find the reading of the reduced sample on this 
line and read the corresponding concentration of 
folic acid on the abscissa. 


SUMMARY 


1. The chemical method for the determination 
of folic acid has been adopted for use in the 
presence of liver, B-complex vitamins, and iron 
salts. 

2. It has been observed that the blank values 
found in pharmaceutical mixtures are strictly 
additive to the color produced by folic acid. 

3. In the presence of ferric salts, folic acid can 
be estimated by the usual procedure. When the 
ferric selts are of the ionic type the results may be 
low by an error not exceeding 10 per cent. 

4. In the presence of ferrous salts, the deter- 
mination of folic acid proceeds satisfactorily pro- 
vided gluconic acid is added. This is explained by 
the observation that gluconic acid prevents the 
precipitation of ferrous ions by sodium hydroxide 
and thus avoids any interference with the folic 
acid tests. The results may be low by an error 
not exceeding 10 per cent. 
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The Assay of Red 


Squill Powder; an Investigation 


of Possible Chemical Procedures* 


By L. KAPLAN, C. D. HEATON, and C. R. NOLLER 


Ultraviolet absorption, acetyl content, lead 
tetraacetate oxidation, and the Liebermann 
reaction have been investigated in an at- 
tempt to correlate the chemical behavior of 
red squill extracts with toxicity to rats. 
The Liebermann reaction, when applied to 
a partially concentrated fraction appears to 
be useful in estimating the toxicity of red 
squill powders. 


T= plant Urginea maritima, commonly known 

as squill, is a perennial that grows wild along 
the Mediterranean sea coast. Two varieties of 
bulb are found, the red and the white, which are 
indistinguishable morphologically. Extracts of 
the white squill have been used in medicine be- 
cause of their powerful digitalis-like cardiac 
effect. The cardiac glycosides of white squill 
have been isolated and their structures have been 
investigated by Stoll and his co-workers (7). 
Red squill, in addition to possessing a cardio- 
activity equal to that of the white variety, also is 
highly toxic to rats, while white squill is not (3, 
10, 14, 15). According to Roques (6) fresh white 
squill is as toxic to rats as red squill, but the 
toxicity is lost on drying. In the case of the red 
squill, the toxic principle is protected from 
destruction during the drying process by the 
presence of the red pigment which is believed to 
be a tannin of the catechol group. 

Although red squiil long has been considered 
one of the safest and most specific rat control 
materials, its utility has been limited by the wide 
variation in the toxicity of different samples. 
The quality of red squill powder depends on the 
source of the bulbs, on the time of harvesting, and 
on the method of drying (3, 4, 10). The lack of 
uniformity of red squill preparations necessitates 
their standardization before being mixed with 
baits for use as rat poisons. The bioassay of red 
squill on white rats, although widely used, is open 
to a number of objections. The determination is 
costly and time-consuming. The susceptibility of 
white rats to squill has been shown to vary 
markedly with the strain of rat used, the sex of 
the rat (2, 14), the size of the rat (4), and the alti- 
tude at which the tests are made (13). The 
present paper summarizes an exploration of a 


* Received June 17, 1949, from the Department of Chem- 
istry, Stanford University, Stanford, Cali 

This investigation was made for the Office of Scientific Re- 
search and Development under Contract OEMsr-136 with 
Stanford University. 


number of reactions that were considered to be 
possible bases for a convenient and reproducible 
method for the chemical estimation of the toxicity 
of red squill preparations. 


CHEMISTRY AND EXPERIMENTAL DESIGN 


The toxic principle of red squill first was isolated 
in crystalline form and named scilliroside by Stoll 
and Renz (8, 9, 10). Members of the closely related 
scillarene group of glycosides, notably scillarene A 
and scillarene F, also were isolated. Structure I has 
been assigned to scilliroside on the basis of its reac- 
tions and on analogies to scillarene A, the principle 
glycoside of white squill (11, 12). 
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H /CO-cocH, 


| 
Os 
Scilliroside 


Scilliroside yields one mole of glucose on acid hy- 
drolysis, but the aglycone has not been obtained in 
crystalline form. On alkaline hydrolysis one mole- 
cule of acetic acid is liberated. Scilliroside forms a 
crystalline tetraacetyl derivative, which can be 
hydrolyzed partially to scilliroside by methanolic 
ammonia. Scilliroside gives a positive Liebermann 
test with acetic anhydride-sulfuric acid mixture, the 
color changing from violet through green to blue- 
green. The Legal test with sodium nitroprusside is 
negative, as are also the Baljet picric acid test, and 
the Rosenheim trichloroacetic acid reaction. Scil- 
liroside has an absorption spectrum with a maximum 
at 297 my and log « = 3.75. The spectrum is in- 
distinguishable from that of proscillaridin A, the 
partial enzymatic hydrolysis product of scillarene A 
(10). 

On treatment with methanolic potassium hy- 
droxide, the lactone ring of scilliroside is opened to 
give methyl desacetylscillirosidate (11), a pyruvic 
ester derivative. Further saponification with 
aqueous potassium hydroxide, followed by oxidation 
with hydrogen peroxide, yields quantitatively one 
mole of carbon dioxide (11). The secondary 
hydroxyl group at C-12 of tetraacetylscilliroside is 
oxidized by chromic acid to the ketone. The same 
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product is formed by oxidation with lead tetra- 
acetate in glacial acetic acid, the lead tetraacetate 
being consumed stoichiometrically (12). 


HC=O0O COOCH, 


C=O 
CigH < HH, 
OH 
Il. Methyl Desacetylscillirosidate 


Physiologically, scilliroside has both a_ high 
toxicity to rats and a strong cardiac effect. The 
median lethal dose reported by Stoll and Renz (10) is 
0.7 mg./Kg. for male rats and 0.43 mg./Kg. for fe- 
male rats. The cardioactivity is equivalent qualita- 
tively and quantitatively to that of a scillarene 
preparation showing an activity of about 1400 frog 
doses per milligram. 

A chemical method for the assay of red squill as a 
rat poison would involve either the quantitative 
isolation of the active principle or principles in a 
pure state, or the development of a specific quantita- 
tive test for the active material that could be applied 
to the original squill sample or to a partially isolated 
active principle. In this investigation both of these 
methods of attack were carried on simultaneously. 

While the scilliroside of Stoll and Renz is highly 
toxic to rats, nothing has been reported to indicate 
that it is the only toxic principle. In fact the isola- 
tion by Picard (5) of very highly active material by a 
procedure that probably would cause the decom- 
position of scilliroside is against any such as- 
sumption. Accordingly during the course of the 
isolation of scilliroside by the Stoll and Renz proce- 
dure, samples of all fractions were submitted for 
bioassay.' Having isolated a scilliroside fraction, 
attempts were made to develop analytical proce- 
dures for its estimation and to determine whether 
these procedures when applied to other fractions and 
other samples of red squill gave results that could be 
correlated with the bioassays. 

The procedure of Stoll and Renz (10) for the isola- 
tion of scilliroside consisted of slicing, careful drying, 
and grinding of the fresh red squill bulbs, the extrac- 
tion of the dried powder with absolute alcohol, 
evaporation of the solvent, solution of the residue in 
water, and treatment with lead hydroxide to remove 
tannins and pigment. The aqueous filtrate was de- 
fatted with chloroform, and the cardiac glycosides 
were extracted by “chloroform to which 20% of 
butanol had been added,” and the extract evaporated 
to dryness. The scilliroside was separated from the 
other cardiac glycosides by dissolving the mixture in 
water and extracting with “chloroform to which 5% 
of butanol had been added."" The residue obtained 
by evaporation of this extract was crystallized by 
dissolving in methanol and adding water. The yield 
of crystalline scilliroside was 0.003% to 0.02% based 
on the weight of fresh bulbs. 

Although Stoll and Renz specify fresh red squill 
bulbs as starting material for the isolation of crystal- 


' Bioassays unless otherwise noted were made on a single 
strain of male rats at the University of Chicago Toxicity 
Laboratory by H. A. Wooster and D. S. Miller, under the 
direction of Dr. W. L. Doyle. 
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line scilliroside, fresh bulbs were not available to us 
and all of the work reported here was done on com- 
mercial dried red squill powder. Most of the in- 
vestigations were made on a single uniform 50-Ib. 
sample of red squill powder supplied to us by J. C. 
Ward and D. G. Crabtree of the Wildlife Research 
Laboratory of the U. S. Department of the Interior 
at Denver, and designated by them as Sample No. 
2454 having an LDy for male rats of 600 mg./Kg. 
Later a series of samples, bioassayed and supplied by 
the Denver laboratory, became available and were 
subjected to some of the more promising procedures 

Starting with a 2-Kg. portion of the standard 
sample No. 2454, which was renumbered Sample 1, 
the Stoll and Renz procedure was followed in detail 
except for the substitution of 95°% ethyl alcohol for 
absolute alcohol. “Chloroform to which 20% of 
butanol had been added” and “‘chloroform to which 

% butanol had been added” were interpreted as 
20% and 5% of butanol by weight, respectively. 
The course of the separations is shown in Flow Sheet 
I and the toxicity of the various fractions is given in 
Table I. Several points at once are apparent. The 
toxicity of the original material as determined by the 
Chicago laboratory is about 15% higher than that 
determined by the Denver laboratory, and the sum 
of the toxicities of the initial extracts and the 
residue total 114% of the toxicity of the original 
sample as determined by the same laboratory. 
These results may be taken as an indication of the 
discrepancies to be expected because of the poor re- 
producibility of the bioassay method. The fact that 
the sum of the per cents of total toxicity of Samples 
5 and 9 is less than the per cent of total toxicity of 
Sample 2, even after the latter has been corrected for 
the 14% excess in toxicity over that of the original 
sample, may be due to inaccuracy of the bioassay or 
to destruction of some activity during treatment 
with lead hydroxide or to both. Nevertheless the 
results indicate that a considerable amount of the 
toxic principle is lost during the lead hydroxide pre- 
cipitation. Furthermore all fractions are toxic, in- 
dicating that the separation is not quantitative. 

Although Stoll and Renz were able to obtain 
crystalline scilliroside, all attempts to crystallize the 
scilliroside fraction from squill powder failed. More- 
over the activity of the scilliroside fraction, Sample 
7, is less than half that of crystalline scilliroside, 
assuming the bioassays to be comparable. Since 
tetraacetylscilliroside is reported to be a readily 
crystallizable substance, Sample 7 was acetylated, 
but neither direct crystallization of the product nor 
crystallization of fractions obtained by chromato- 
graphic adsorption gave crystalline material. 

In addition to the procedure of Stoll and Renz, 
several other methods of concentration were tried. 
Since none of them gave a product as toxic as the 
scilliroside fraction by the Stoll and Renz procedure, 
they will not be discussed. However, a number of 
fractions were obtained whose toxicity was deter- 
mined by bioassay, and since these fractions were 
used in some of the analytical work, they will be 
described here. In one procedure the concentrated 
alcoholic extract was extracted repeatedly with a 
chloroform-95% alcohol mixture (5:1 by volume). 
Each extract was evaporated to dryness. The first, 
second, and third chloroform extracts were desig- 
nated Samples 13, 14, and 15, and the residue after 
five extractions was called Sample 19. 
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FLow Sueer I.—ExtTRACTION OF THE Toxic PRINCIPLE OF COMMERCIAL POWDERED Rep SguiLt Accorp- 
ING TO THE METHOD oF STOLL AND RENZ 
2 Kg. red squill powder (Sample 1) 
extracted with three si portions 95% alcohol 


{ 
Combined extracts (13.8 L.) 


500 ce. Evap. to 
dryness. Residue 
8.0 Gm. (Sample 2) 


12.8 L. 


Filtrate (5 L.) conc. 
to 15 L. Treated twice 
with 


Filtrate. 


to 1075 cc. Precipitate 


1025 ce. Extract 
with chloroform 


50-ce. portion. 
Evap. to dryness. 
Residue 5.48 Gm. 


(Sample 5) Aqueous solution. 


Evap. to dryness. 
Residue taken up in 5 L. 
H,0. bai with Pb(OH), 


4 
Mare. Extract with 5 L. 
alcohol — Marc. (Sample 4) 


Filtrate evaporated to 
dryness. 22Gm. (Sample 3) 


Precipitate ————> Combined precipitates suspended in aque- 


ous alcohol saturated with H.S and filtered. 
Filtrate (1500 ce.) 100 cc. evap. to dryness. 
Residue 2.8 Gm. (Sample 9) 


Chloroform extracts. 


Evaporate to dry- 
ness. (Sample 11) 


Extract with 


chloroform-butanol (4:1 by weight) 


Combined extracts evaporated to 
dryness. Residue 2.80Gm. (Total 
glycosides, Sample 6) 


1.90 Gm. taken up in water and extracted 
with (19:1 by wt.) 


Aqueous solution; evap. to 
dryness. (Sample 10) 
Sample 7) 


Having obtained a concentrated scilliroside frac- 
tion and a number of other fractions of known 
toxicity, an attempt was made to develop a quantita- 
tive procedure for the estimation of scilliroside and to 
apply the procedure to the fractions of known 
toxicity. Since scilliroside shows a strong absorption 
maximum in the ultraviolet, the intensity of absorp- 
tion for the various fractions was determined. The 
data given in Table II show no correlation between 
the absorption and the toxicity of the sample. 
Evidently large quantities of nontoxic substances are 
present that absorb strongly in the same region as 
scilliroside. 

One of the differences between scilliroside and the 
other cardiac glycosides present in squill is that it 
possesses an O-acetyl group. Accordingly an in- 
vestigation of the acetyl content of various fractions 
was made. Table III summarizes these results. 
Although the scilliroside fraction (Sample 7) gave 
59% of the amount of acetyl calculated for pure 
scilliroside, relatively inert fractions such as Samples 
3 and 8 also gave high acetyl values. A number of 
red squill samples were put through a modified Stoll 
and Renz procedure and the acetyl contents of the 
scilliroside fractions were determined. The results 
are given in Table IV. With the exception of Sample 
2262, a rough correlation appears to exist. 

The secondary hydroxyl group of tetraacetyl 
scilliroside is oxidized quantitatively to a carbonyl 
group by lead tetraacetate in glacial acetic acid 
solution (12). To investigate the possibility of using 


Aqueous solution evap. to dryness. 
Residue 106 Gm. (Sample 8) 


Extracts evap. to dryness. 
Residue 1.21 Gm. (Silliroside fraction, 


this reaction for analysis, several squill fractions 
were acetylated and oxidized under quantitative con- 
ditions with lead tetraacetate. The results are given 
in Table V. Since an almost irert fraction gave a 
value higher than that calculated for pure scilliro- 
side, the method was not further investigated. 

It has been mentioned that scilliroside gives a 
positive Liebermann reaction. However the test 
was found to be positive for all fractions of red squill. 
Several attempts were made to find a specific color 
reaction for scilliroside. Completely negative re- 
sults were obtained on treating the scilliroside frac- 
tion with chloral hydrate, antimony trichloride, 
stannous chloride, dimethylaminobenzaldehyde and 
hydrochloric acid, ferric chloride, and acetic acid 
and bromine. Rather deep colors were obtained 
with concentrated hydrochloric acid and polyhy- 
droxyphenols. With phloroglucinol, the color 
changed froim pink to yellow to green to blue; with 
resorcinol, from yellow to orange to green; with 
orcinol from pink to violet to dirty blue. Addition of 
acetic acid to the orcinol color changed it to a clear 
blue. With the scilliroside fractions the color in- 
tensities paralleled the results of the Liebermann 
test, but with less pure extracts, interfering off- 
colors were produced. With concentrated sulfuric 
acid, scilliroside gave a red solution with a green 
fluorescence. The fluorescence, measured on a 
photofluorometer, paralleled the results of the Lieb- 
ermann test on several extracts, but did not appear to 
have any advantage. 


i 
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Taste I.—Toxicitres or Fractions OBTAINED 
BY THE STOLL AND RENZ PROCEDURE 


Wt. of 
Fraction 
in 
Sample Gm /Kg 
No Descriptio: of Squill 


1000 


LDe 
(Mg./Kg.) city® 


Red squill powder 510 100 
Lot No. 2454 
Extracted by 95% 110 64 
alcohol (3x 
Fourth alcoholic 
extract 
Mare from alco- 
holic extraction 
Residue after re- 
moval of pig 
ment with Pb 
(OH 
Total cardiac gly 
coside fraction 
Scilliroside 
fraction 
Residue after ex- 
traction of gly 
cosides 
Recovered from 
Pb(OH): pre 
cipitate 
Extracted by 4:1 
CHC1,-C,H,OH 
but not by 19:1 
CHCL,-C,H,OH 
11 Extracted’ by 
alone 
Wt. of fraction 
* Calculated from the formula a 
LD» of original sample 


100 
We. of original sample 


Scilliroside, on methanolic alkaline hydrolysis, 
undergoes fission of the lactone ring and loss of an 
acetyl group to yield methyl desacetylscillirosidate 
(11). Aqueous saponification of this ester should 
give a pyruvic acid derivative. Accordingly a num 
ber of reagents used in the colorimetric estimation of 
pyruvic acid were tried on a solution prepared by the 
saponification of the scilliroside fraction, first with 
methanolic potassium hydroxide and then with 
aqueous potassium hydroxide. Salicylaldehyde and 
potassium hydroxide gave only a faint orange color 
with a sample representing 5 mg. of the scilliroside 
fraction Sodium nitroprusside and potassium 
hydroxide gave an orange-red color which faded 
rapidly. The addition of acetic acid and ammonia 


ABSORPTION OF SQUILL 


FRACTIONS 


Per Cent 
of Extine- Per Cent 
tion of of Toxicity 


Sample 2 of Sample 2 


Sample 
No K mas 
0.48 10 
0 O64 3 
O13 
OOS4 
O4S 
ad 
025 


on 
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Taste III.—Acetyt CONTENT OF FRACTIONS OF 
Rep SQUILL 


Sample 
No 
Pure scilliroside 


Acetyl, 
6.94 (caled.) 
> 


6 


8 
13 
14 
15 


Taste IV.—Aceryt CONTENT OF SCILLIROSIDE 
FRACTIONS OBTAINED BY THE Mopiriep 
AND RENZ PROCEDURE 


Mg. 
CH,CO in 
Scilli- 
roside 
Fraction 
per Gm 


Sample 
7 Caled 
per Gm. LDw of 
of Squill of Squil! Powder, 
Powder Powder Mg./Kg?* 
2288 .180 4 390 
2450 .076 9 900 
2454 100 3 740 
2480 3.3 510 
2287 1210 
2209 1210 
2263 1890 


2262 630 


Sample 
No.* 


6 Caled. LDw in mg./Kg. = 
1.7 1000 


Caled. mg. of Sample 7 per Gm. sample 


did not deepen the color, in contrast to the behavior 
of pyruvic acid. The low sensitivity and the insta- 
bility of the color preclude its use in the quantitative 
estimation of scilliroside. o-Nitrobenzaldehyde and 
potassium hydroxide gave the same yellow color as a 
blank 

The 1,4-diketo structure of methyl desacetyl- 
scillirosidate suggested that it might form a pyrrole 
derivative with ammonia which could be estimated 
by means of one of the pyrrole reagents. The 
saponification mixture was allowed to stand for 
twenty-four hours with concentrated aqueous am- 
monia. Tests with isatin and hydrochloric acid, 
with dimethylaminobenzaldehyde and hydrochloric 
acid, with ammoniacal copper sulfate, with sodium 
nitroprusside, and with quinone and hydrochloric 
acid were all negative 

Although it had been found that all fractions ob- 
tained in the Stoll and Renz procedure gave the 
Liebermann reaction, a quantitative investigation 


Leap TETRAACETATE OXIDATION OF 
SeuILL FRACTIONS 


TaBLE V 


Milliequiv. of Lead 
Tetraacetate 
per Gm 
of Sample 


LDw, 
Sample No Mg./Kg. 
Pure scilliroside 3.23 (caled.) 

7 .85 

13 

14 

19 


; 
LDw 
Per 
Cont 
rotal 3 64.0 
as 7 4.1 1.7 
3.6 708.0 
4 2.8 5.1 
1.8 8.7 
of 
1.7 16.0 
Caled. 
Meg. of 
Approx. 
LDw 
by Bio- 
assay® 
av! 500 
ay: 600 
600 
700 
1000 
2000 
2000 
3000 
Wildlife Research Laboratory, Denver. — 
— 
- 
ae 
) 100 — 
0 iS 
7 39 
35 
7 
0 4 
0 2 
= 2 37 
14 230 1.8 20 
; 


ScreNTIFIC EDITION 


was made to determine whether the reaction could 
be used to estimate toxicity after partial or complete 
isolation of the scilliroside fraction. Sample 7 was 
used as a standard. The results summarized in 
Table VI show that the LDw calculated on the basis 
of the Liebermann reaction of the scilliroside fraction 
checked fairly well that calculated from the acetyl 
content of the fraction (Table IV). Moreover there 
is a rough correlation with the toxicities as de- 
termined by bioassay. It is entirely fortuitous that 
the calculated toxicities are numerically similar to 
those of the bioassays, since it is known that only a 
fraction of the total toxicity appears in the scilliro- 
side fraction. 

Although a rough correlation thus has been ob- 
tained between a chemical method for the toxic 
principle of red squill powders and the bioassay, the 
extraction procedures as carried out in this work are 
extremely time-consuming and tedious. Even when 
one man works on four to eight samples simul- 
taneously, the average time required per sample is at 
least two days. It is possible that the procedure can 
be greatly simplified. For example if the LD» is 
calculated from the amount of Liebermann-positive 
material in the total glycoside fraction and then 
multiplied by the factor 1.5, values are obtained 
(Table V1) which can be correlated almost as well 
with the bioassays as those calculated from the 
scilliroside fraction. 


EXPERIMENTAL 


Fractionation of Red Squill Powders.—In the 
procedure outlined in Flow Sheet I, an attempt was 
made to follow closely the Stoll and Renz procedure 
(10). In the case of the samples reported in Tables 
IV and VI, a modified Stoll and Renz procedure was 
used which avoided loss of activity caused by the 
lead hydroxide precipitation. Since this procedure 
appears to be most satisfactory for small samples, it 
will be described in detail. A 5 Gm. sample of squill 
powder was extracted with one 20-cc. portion and 
three 10-cc. portions of 95°, alcohol, keeping the 
mixture of powder and solvent at 40-50° for one 
hour for each extraction. The combined extracts 
were evaporated to dryness under reduced pressure. 
The residue was taken up in 15 ce. of water and ex- 


TABLE VI. 


Liebermann. Positive 
Material > 
Non gly Total 
Sample coside Glycoside 
Fraction Fraction 
2478 5 2 
2288 
2450 
2454 
2480 
2287 
2400 
2209 
2263 
2262 


® Wildlife Research Laboratory, Denver 


Sceilli- 
roside 
Fraction 
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tracted with three 3-cc. portions of chloroform to re- 
move the nonglycosidic material. The nonhomo- 
geneous aqueous layer was extracted with eight 3-cc. 
portions of a solution of butanol in chloroform 
(4: 1 by weight). An aliquot portion of the combined 
extracts was removed and subjected to the Lieber- 
mann color reaction as a measure of the total 
cardiac glycosides. The remainder of the extract 
was evaporated to dryness under reduced pressure. 
The residue was taken up in water and shaken with 
washed lead hydroxide prepared from 0.25 Gm. of 
lead acetate. The insoluble material was removed 
by filtration and the filtrate evaporated to dryness 
under reduced pressure. When the lead hydroxide 
precipitation was carried out at this point, very little 
of the toxic material was precipitated. The residue 
from the evaporation of the filtrate was taken up in 
1 ce. of water and extracted with ten 1-cc. portions of 
butanol-chloroform (19:1 by weight). The com- 
bined extracts were made up to 50 cc. and a 1-ce. 
aliquot taken for the Liebermann determination. 

In the case of the samples prepared for acetyl de- 
terminations, 20 Gm. of squill powder was used and 
the amounts of solvents and reagents increased pro- 
portionally. 

Spectrophotometric Studies.—A quantitative 
spectrophotometric study of various squill fractions 
was made using a Beckman Model DU Spectro- 
photometer. The original alcoholic extract, which 
was bright red, absorbed in the visible beginning at 
about 650 my and continuing through the biue and 
violet. There was no absorption maximum in the 
visible region. In the ultraviolet there was a very 
strong absorption band at 285 mu. The scilliroside 
fraction (Sample 7) gave an absorption curve that 
agreed closely with that reported by Stoll and Renz 
(10) for pure scilliroside. The maximum for Sample 
7 was at 297 my and log « = 3.68 assuming a molecu- 
lar weight of 620, while Stoll and Renz report 
Amax. = 297 mu and log e = 3.75. However the total 
glycoside fraction gave a similar curve with Amex. = 
295 my and log « = 3.70. 

In order to compare the absorption with the tox- 
icity, the total absorption of the fraction was ex- 
pressed in terms of Amex. = 1/C log Jo/J where C 
is expressed as equivalent grams of red squill powder 
per liter of solution. Since this value cannot be ob- 


LIEBERMANN-POSITIVE MATERIAL IN VARIOUS FRACTIONS OBTAINED BY THE Mopiriep STOLL 
PROCEDURE FOR THE ISOLATION OF SCILLIROSIDE 


LDwe of Sample, 


Mg ‘Kg. Caled.* 
From Total 
Glycoside 

Fraction 
Using 

Factor 

of 1.5 


605 


Approxi 
mate 
LDw by 
Bioassay* 
500 
500 
600 
600 
700 
1000 
1500 
2000 
2000 
3000 


From 
Scilliroside 
Fraction 

650 
390 
740 
680 
680 
1420 
890 
1310 
1550 
710 


+» Expressed in terms of mg. of Sample 7 per Gm. of squill powder 


17 X 1000 
Caled. 1. Dw in mg. /Ke 


Estimated mg. of Sample 7 per Gm. sample 


A 
A 
: | 
— = 
2.6 
4.4 345 
2.3 675 
2.5 730 
2.5 670 
1.2 1590 
1.9 SSO 
1.3 1500 
1155 
2.4 690 
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tained for the powder itself, the toxicities and ex- 
tinctions were compared in terms of Sample 2, the 
total alcoholic extract. 

Acetyl Determinations.-—Acetyl determinations 
were made by the procedure of Clark (1). 

Lead Tetraacetate Oxidations.—A weighed sample 
of approximately 0.1 Gm. was acetylated with a 
mixture of 1 ce. of acetic anhydride and 1 cc. of 
anhydrous pyridine. After standing overnight the 
mixture was treated with 10 cc. of approximately 0.1 
N lead tetraacetate in glacial acetic acid, allowed to 
stand for twenty-four hours, and an excess of 
aqueous potassium iodide containing 50 Gm. of 
sodium acetate per 100 cc. was added. The liberated 
iodine was titrated with standard 0.1 N sodium 
thiosulfate. Blanks were run at the same time to 
standardize the procedure. 

Liebermann Reaction.—A  spectrophotometric 
study of the color obtained in the Liebermann reac- 
tion was made with a Beckman Model DU Spectro- 
photometer. To 0.4 mg. of scilliroside fraction 
Sample 7, dissolved in 1 cc. of gacial acetic acid was 
added 2 cc. of acetic anhydride and 0.1 cc. of con- 
centrated sulfuric acid. The blue-green solution was 
compared with a blank prepared from the reagents 
The absorption maximum, thirty minutes after 
mixing, was at 625 mu, and shifted to 675 my during 
the next fifteen minutes, remaining in this position 
for at least three hours. The intensity of the absorp- 
tion maximum increased gradually at first, reaching 
its highest value after 105 minutes, and then de- 
creased. A minimum absorption was observed at 
about 500 my which remained fairly constant during 
a four-hour period. For comparison, a sample of 
cholesterol similarly treated showed a maximum ab- 
sorption near 650 my with an intensity of about one- 
fourth that of scilliroside and a minimum at 520 my 
with an intensity about equal to that of scilliroside. 
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For the routine comparison of squill fractions the 
evaporated extract was dissolved in 2 cc. of glacial 
acetic acid and treated with 2 cc. of acetic anhydride 
and 0.1 cc. of sulfuric acid. The color was measured 
with a Klett-Summerson photoelectric colorimeter, 
using a No. 66 red filter. The scilliroside fraction, 
Sample 7, was used as a standard. The maximum 
color was developed after about forty minutes and 
remained essentially constant for the next half-hour. 
The color developed in a series of concentrations of 
the scilliroside fraction did not follow Beer’s law, 
but a smooth curve was obtained which could be re- 
produced with reasonable accuracy over the range of 
0.1 to 0.6 mg. The colorimeter readings correspond- 
ing to 0.2 and 0.4 mg. of scilliroside fraction were 210 
and 362, respectively. 
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Identification of Osthole in Hseh Tsuang Seed* 


By YU-DJANG MAO and LLOYD M. PARKS 


A crystalline principle has been isolated 

from Hseh Tsuang seed and identified as ost- 

hole, a coumarin derivative, by methods 
which are described. 


H@ Tsuang is the Chinese name of a drug 

plant belonging to the Umbelliferae family, 
the seed of which is reported to have been used for 
centuries in China as a tonic for sexual exhaus- 
tion. According to the Pen Tsao Kang Mu of Li 
Shih-Chen, the names Hseh Tsuang (snake bed) 
and ITseh Mi (snake rice) were given to the plant 
because the snake likes to rest under the plant 
and eat the seed (1). The plant is not cultivated 
and is found in the provinces of Canton, Fukien, 
Kiangsu, Kiangsi, and Hopei. References in the 
Japanese literature apparently identify the plant 
as Cnidium Monieri, Cuss and as Selenium 
Japonicum, Mig., but this identity has not been 
established with certainty (2). 

Although numerous references in the literature 
describe the uses and activity of the drug, Tang 
(2) has reported the only recorded chemical in- 
vestigation of the seed. In his work the air-dried 
seed was extracted with alcohol and the greenish 
brown extract was distilled with steam. There 
was obtained from the distillate a small amount of 
strongly aromatic volatile oil. The nonsteam 
volatile part of the extract was filtered and the 
residue extracted with petroleum ether, ether, 
and chloroform. Upon cooling the petroleum 
ether extract, there separated a white crystalline 
substance which, after repeated purification with 
charcoal and recrystallization from alcohol, was 
obtained as white crystals, m. p. 82.5-83.5°, 
which had a sharp taste, was easily soluble in 
ether, alcohol, chloroform, and acetone; little 
soluble in petroleum ether; and insoluble in water. 

Tang reported analytical data on the com- 
pound for the presence of one methoxyl group 
(OCH; = 14.83%) and from elementary analysis 
(C = 72.99%, H = 7.01%) and molecular weight 
data by the Rast method—203—he assigned to it 
the molecular formula C;,H,,O2. He also reported 
a monoacetyl derivative, Ci2Hjs30,COCHs, m. p. 
85°; a monobenzoate, Ci2HigO,COCsHs, m. p. 
69°: a dibromo addition product, 
m. p. 147.5-148°; and a dihydrochloride, 
Ci2HyO2* 2HCI, m. p. 102°. Upon alkali fusion, 


* Received August 1, 1949, from the School of Pharmacy, 
University of Wisconsin, Madison. 


Tang obtained a phenolic substance in too small 
an amount to characterize. 

We have identified the crystalline principle 
isolated by Tang from Hseh Tsuang seed as 
osthole (osthol), C)sHieO;, a naturally occurring 
coumarin derivative. Osthole was first isolated in 
1909 from the root of Jmperatoria ostruthium 
(Masterwort) by Herzog and Krohn (3) and 
later, in 1911, by Bécker and Hahn (4) and in 
1934 by Spath and Pesta (5) from Angelica root 
oil. The structure of osthole was established by 
the work of Butenandt and Marten (6) in 1932 
and by Spath and Pesta in 1933 and 1934 and its 
synthesis was reported by Spath and Holzen (7) 
in 1934. Its structure is as follows: 


The material used in our investigation was 
kindly supplied by Professor Tang, to whom our 
thanks are due, and was the white crystalline 
compound, m. p. 82.5-83.5°, which he obtained 
from Hseh Tsuang seed by the procedure described 
above. It amounted in total to asproximately 20 
Gm. and after repeated recrysiallization from 
alcohol-water (2:1) melted at 83.5-84°. 


EXPERIMENTAL! 


Preliminary Tests.—Elementary tests showed the 
absence of nitrogen, sulfur, and halogens. The 
compound was insoluble in water, 5% sodium hy- 
droxide, and 5% hydrochloric acid but soluble in 
ether and in concentrated sulfuric acid with colora- 
tion. An alcoholic solution was neutral to litmus 
and to phenolphthalein. In carbon tetrachloride 
solution it decolorized bromine with no evolution of 
HBr; addition of the compound to a 5% aqueous 
potassium permanganate solution decolorized the 
solution immediately. Tests with fuchsin aldehyde 
reagent and 2,4-dinitrophenylhydrazine were nega- 
tive, showing the absence of a carbonyl group; no 
coloration was given with ferric chloride, showing 
the absence of phenol or enol; and no reaction was 
given with acetyl chloride nor benzoyl chloride, 
showing the absence of hydroxyl group. The latter 
test wus contrary to Tang's report (2). 

Analytical Determinations.—Drying a weighed 
sample over P,O, for two and one-half hours at room 
temperature and 1 mm. pressure, and again at 65°, 
gave no loss in weight 

Anal.—Cale. for C,),HwO;: C, 73.77; H, 6.56; 
OCH,, 12.70; mol. wt., 244; sapon. equiv., 244. 


' All melting points are uncorrected 
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Found: C, 73.34, 73.64; H, 6.29, 6.60; OCHs,, 
10.53, 11.52; mol. wt. (Rast), 242, 246, 244; sapon. 
equiv., 244, 245. 

While determining the saponification equivalent 
it was observed that, although the compound was in- 
soluble in cold aqueous alkali, it dissolved readily 
with a yellow color when warmed with alkali. 
Upon acidification of this solution the precipitate 
which was obtained was shown to be the original 
compound by a mixed melting point test. This be- 
havior, together with the saponification equivalent, 
shows the presence of a y-lactone. 

Ultraviolet Absorption Spectra.—The properties 
of the compound having led us to suspect it to be a 
coumarin derivative, a comparison of its ultraviolet 
absorption spectrum with those of coumarin (syn- 
thetic) and marmesin, a known naturally occurring 
coumarin derivative (8), was made. Figure 1 shows 
the curves obtained by plotting molar extinction co- 
efficient against wave length for these three com- 
pounds. 

Dihydrochloride.—The compound (0.5 Gm.) was 
dissolved in 5 cc. of alcohol and dry HCl gas passed 
into the solution until saturated. Upon standing for 
one day with cooling and then adding water, white 
needle-like crystals separated, which after re- 
crystallization from dilute alcohol melted at 101- 
102°. Reported melting point of osthole dihydro- 
chloride is 99.5-100° (3), 101° (4), and 102° (2). 

Dibromide.—-The compound (0.5 Gm.) was dis- 
solved in carbon tetrachloride and bromine added 
dropwise until it was no longer decolorized. After 
standing for six hours a white crystalline product 
separated, which after recrystallization from methyl 
alcohol, melted at 148-149.5°. Reported melting 
point of osthole dibromide is 143-145° (4), and 
147.5-148° (2) 

Oxidation Products. —Oxidation of the compound 
was carried out by the procedure of Butenandt aud 
Marten (6), for the oxidation of osthole. Two 
grams was dissolved in 50 cc. of glacial acetic acid, a 
solution of 2.0 Gm. of chromium trioxide in 20 cc. of 
50°, acetic acid added and the mixture allowed to 
stand for three days at room temperature. It was 
then cooled in the ice bath, made alkaline with 
NaOH and distilled until 10 cc. of distillate was 
collected. Acetone was identified in the distillate 
by preparation of the p-nitrophenylhydrazone, 
m. p. 148°, and dibenzal acetone, m. p. 112 
112.5 Mixed melting point tests of these deriva- 
tives with authentic samples prepared from acetone 
gave no depression 

The residual oxidation reaction mixture in the dis- 
tilling flask was acidified and steam distilled to re- 
move the acetic acid. The residual mixture was 
then cooled and shaken out with ether. The com- 
bined ether washings were extracted with 5% 
NaOH, which removed the acidic oxidation product 
and left some of the original unoxidized compound 
in the ether layer. Upon acidification of the alkaline 
extract, extraction with ether, and evaporation of 


? We are indebted to Professor A. L. Wilds for the com- 
bustion analysis 

* Because of the considerable deviation from the calcu- 
lated OCH,, the methoxy! content of other known, pure com- 
pounds, including anisic acid, veratric acid, and vanillin, 
was determined by the same procedure In several deter 
minations the results were consistently low with approxi 
mately the same percentage deviation from the theoretical 
as shown here Tt is concluded that the procedure used gives 
ow results in the hands of the authors 
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Fig. 1.—Ultraviolet absorption spectra. 


O, coumarin, @, marmesin, 9, osthole. 


the ether, a light-tan-colored amorphous powder 
was obtained which after recrystallization from 
alcohol and then from diluted alcohol was obtained 
as light tan needles, m. p. 254—-255°. Reported 
melting point of ostholic acid, CjsHwO;, obtained 
from osthole in the same way, is 255° (6) and 254 
255° (5). 

Methyl! Ostholate.--One-tenth gram of the acid 
obtained above was dissolved in 5% NaOH, acidi- 
fied, and extracted with ether. To the ether solution 
was slowly added an ether solution of diazomethane 
prepared from 5.0 Gm. of methyl nitrosourea. The 
reaction mixture was allowed to stand overnight, 
filtered and concentrated, and the oily residue re- 
crystallized from isopropyl alcohol. There were ob- 
tained colorless needles, m. p. 155°. Reported 
melting point for methyl ostholate is 155° (6). 


SUMMARY 


Through its physical and chemical properties, 
molecular formula, and degradation products, 
the crystalline principle, m. p. 83.5-84°, pre- 
viously isolated from //seh Tsuang seed, has been 
identified as osthole (osthol), C;sH)O3, a cou- 
marin derivative which has been found pre- 
viously in the root of Jmperatoria ostruthium and 
in Angelica root oil. 
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Some Extraction Studies on Digitalis* 


ROBERT E. KING} and OLE GISVOLD{ 


Following the Bay and Gisvold procedure, aqueous, chlorophyll-free extracts con- 
taining the active principles were obtained from the fresh leaves of Digitalis purpurea. 
Frog assays revealed that the more dilute aqueous extracts of fresh leaves were more 
effective in the removal of the active principles. By saturating the aqueous extract 
with a neutral salt as anhydrous sodium sulfate, the active principles and other plant 
materials were forced out of solution onto filter-cel. This mixture was dried and 
stored in this form. Various solvents were used to remove the active principles from 
this material with a minimum amount of other plant constituents. By treating the 
aqueous extract with a series of solvents it was possible to separate the extract residue 
into a digitoxin group of glycosides and a gitalin group. method may be useful 
in the separation of the glycosides for further purification. The fresh leaves of 
Digitalis purpurea can be frozen and stored in frozen state without a loss of 
activity. 


sulfate. This precipitate they suggested could 


Roowne Withering’s discovery of the use 

of digitalis, attempts to use digitalis therapy 
were constantly hindered by unstable prepara- 
tions and preparations of variable potency. In- 
vestigation of the drug to evolve the constitu- 
ents responsible for the action had resulted up to 
the time of Stoll in numerous products, few of 
which were pure and among which the relation- 
ships were not known. 

Up to the time of Stoll’s work on the isolation 
of the digilanids from Digitalis lanata and the 
purpurea glycosides from Digitalis purpurea, no 
work had been done in which the fresh leaves had 
been used for the isolation of the cardiac glyco- 
sides. Stoll’s work was made possible through 
Kreis’ method for the inactivation of the en- 
zymes found in the leaf which are responsible for 
the breakdown of the genuine glycosides (1). 
Upon inactivation of the enzymes, Stoll and his 
co-workers proceeded to extract the glycosides 
from the leaves using the organic solvent ethyl 
acetate. 

Gisvold and Bay suggested that the genuine 
glycosides of digitalis, being water soluble, could 
be extracted from the fresh plant material if the 
leaves were disintegrated to a fine degree (2). 
By means of heat they coagulated the chlorophyll 
and other protein material present and at the 
same time inactivated the enzymes. By this 
treatment they were able to obtain an aqueous 
chlorophyll-free solution containing the digitalis 
glycosides. The glycosides along with other 
plant materials were precipitated onto filter-cel 
by saturating the solution with anhydrous sodium 


* Received April 30, 1949, from the College of Pharmacy, 
University of Minnesota, Minneapolis. 
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be used for the preparation of the highly purified 
glycosides. 

The solubility characteristics of the digitalis 
glycosides vary depending upon the other mate- 
rials present. It is reasonable to assume that in 
the fresh leaves the glycosides together exert a 
solubilizing effect upon each other, and their 
properties in this case are not what they would 
be if they existed alone. The glycosides also 
would be expected to differ as to the degree of 
solubility in water. The ratio in which the 
digitalis components are present also varies with 
the conditions under which extraction occurs. 

A procedure was sought in order to determine 
the maximum extraction of the glycosides from 
the fresh leaves which could be obtained using the 
Bay and Gisvold procedure. Using the pre- 
cipitated material prepared, a study could be 
made of the selective solvents for the removal of 
the glycosides with the least amount of other 
plant material as pigments, sugars, etc. From 
the solution of the glycosides in the selective 
solvents it was hoped that the glycosides could be 
isolated without great difficulty. 


EXPERIMENTAL 


Determination of the Concentration for Maximum 
Extraction Using the Bay and Gisvold Method.— 
Because of the solubility characteristics it was 
thought the glycosides when extracted by the Bay 
and Gisvold method would exhibit varying degrees 
of extraction depending on the concentration. The 
leaves used in the fresh leaf work were grown in the 
medicinal plant garden of the University of Minne- 
sota during the summer of 1947 and represented the 
first year plants. This study was undertaken in late 
September when the plants were believed to have 
reached maturity. 

Fresh leaves from Digitalis purpurea were) extrac- 
ted according to the Bay and Gisvold methdd using 
three concentrations, 2, 5, 10% extracts. For ex- 
ample, the 2% extract was prepared by taking 40 
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Gm. of fresh leaves representing approximately 8 
Gm. dried leaf. The leaves were brushed and cut 
into small pieces. The petioles were removed along 
with the base of the leaves extending about one cen- 
timeter above the petiole. The broken leaves were 
disintegrated for ten minutes in the Waring Blendor 
with 400 cc. water (a 2% extract on the dried leaf 
basis). The aqueous extract was then heated to 70° 
to coagulate the chlorophyll and protein and to 
inactivate the enzymes present, then filtered through 
muslin. The resulting solution was amber-colored. 

The 2°, aqueous extract was assayed directly in 
frogs according to the procedure described in U.S. P. 
XI (3). The aqueous extract failed to show activity 
in a practical dosage range; therefore, it was con- 
verted to an alcoholic tincture before testing. It 
was believed that a difference might exist in the 
ability to be absorbed by the frog. For conversion 
of the 2° aqueous extract, 100 cc. was concentrated 
under vacuum using as little heat as possible, to a 
volume of 5 cc. To this concentrate, 15 cc., 95% 
alcohol was added and the solution filtered to remove 
the alcohol-insoluble portion. The alcoholic solu- 
tion or tincture after proper dilution was then 
assayed in frogs. The procedure followed in the case 
of the 5% and 10% extracts was the same with the 
exception of the amount of drug used. Before the 
5° and 10% tinctures were injected they were di- 
luted to 2% solutions in order that the results could 
be compared 

To test for completeness of extraction of the drug, 
tinctures were prepared from the expressed mares 
The mares, after they had been washed and ex- 
pressed as stated above, were allowed todry. Using 
a mortar and pestle the marc was powdered as 
finely as possible and weighed. These marcs were 
placed in test tubes and a volume of alcohol-aqueous 
menstruum equal to 5 times the weight of the marc 
was added. In this menstruum the marc was al- 
lowed to macerate for twenty-four hours with fre- 
quent agitation. At the end of this period the tinc- 
ture was centrifuged and the supernatant liquid 
filtered off. This resulting tincture was a 20% 
preparation. 

The tincture was diluted 5 times with distilled 
water and tested in frogs. In case the potency of 
the 20% tincture was not sufficient to produce a 
positive result, a definite volume of the 20% tincture 
was allowed to evaporate to half its volume and this 
made into a 40% tincture which was assayed by a 
simnilar method. 

In order to compare the results obtained from the 
aqueous extraction of the fresh digitalis leaves, a 
control tincture was prepared from the leaves of the 
1947 plants, drying them and following the official 
procedure as described in the U.S. P. XIII. This 
tincture was assayed and used as a control for it 
indicated the potency of the leaves which had been 
extracted by the Bay and Gisvold method 

Results given in Table I illustrate that the po- 
tency of the aqueous extracts was not sufficient in 
any of the concentrations studied, doses ranging 
from 0.015 ce./Gm. to 0.040 ce./Gm. to cause sys- 
tolic standstill of the frog's heart. However, in the 
case of the 2°, aqueous extract, by converting the 
extract to a tincture, positive results were obtained 
with dose of 0.040cc./Gm. Neither the 20° nor 40% 
tinctures prepared from the mare contained suffi- 
cient potency to cause the systolic standstill of the 
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Taste I.—CoMPLETENESS OF EXTRACTION 


2% 5% 


10% 
Extract Extract 


Extract 
2% aqueous soln. 
Conversion to 2% 
tincture 

20% mare tincture 
40% mare tincture Pate 0.040 0.015 
Control tincture 0.035 0.035 0.035 
Extraction, % 87 78 56 


0.040" 


0.040 


© Represents the minimum amount of the tinctures which 
will cause systolic standstill one hour after administration 
in 75% of the frogs tested. 


frog’s heart in the dosage range, 0.015 cc./Gm. to 
0.040 cce./Gm. When the minimum lethal dose of 
the control tincture is considered to be 0.035 ce./Gm. 
and this compared with the minimum lethal dose of 
the 2% tincture, it showed that the 2% aqueous ex- 
tract obtained 87°) extraction of the activity if we 
assume that the control tincture represents 100% 
extraction. 

When the 5% and 10°% aqueous extracts had been 
converted to the tinctures and injected into frogs 
neither was able to cause systolic standstill of the 
frogs’ hearts in doses ranging from 0.015 cc./Gm. to 
0.040 cc./Gm. In both these cases some glycosidal 
material remained in the mare and was extracted in 
the marc tinctures. In the case of the 5% aqueous 
extract the 40° marc tincture had a minimum sys- 
tolic dose of 0.040 cc./Gm. while the 20% mare 
tincture did not have any effect in the doses used. 
With the 10% aqueous extract the 20% and 40% 
mare tinctures had the minimum systolic doses, 
0.040 ce./Gm. and 0.015 cc./Gm. respectively. If 
the extraction for the 5% and 10% aqueous ex- 
tracts is calculated from the potency remaining in 
the marcs, it is seen that they represent 78% and 
56% extraction respectively. From these studies it 
was concluded that the maximum extraction was ob- 
tained by using the more dilute aqueous extracts. 

Selective Solvents for the Removal of the Glyco- 
sides.—When the aqueous solution of the fresh 
digitalis leaves was saturated with a neutral salt 
such as anhydrous sodium sulfate, the glycosides 
present were forced out of solution onto filter-cel 
This mixture of filter-cel, sodium sulfate, the active 
principles and other plant material forced out of 
solution could be dried, stored and used later as a 
source of glycosidal material. 

Two per cent aqueous extracts were prepared from 
the digitalis leaves in a manner analogous to that 
which has been described previously. These 2% 
aqueous extracts were saturated with anhydrous 
sodium sulfate and the active principles pre- 
cipitated onto 5 grams of filter-cel. The filter-cel, 
sodium sulfate, and precipitated material were fil- 
tered off, dried and packed in a glass tube. The 
first column was percolated with 250 cc. tetrahydro- 
furan which was passed through the column at a 
slow rate. The column was assumed to be exhausted 
when a portion of the percolate upon evaporation 
left no residue. For a control, a second column was 
packed in a similar manner and 250 cc. of an alcohol- 
water menstruum passed through the column. The 
tetrahydrofuran was removed from the percolate 
under vacuum using as little heat as possible. One 
gram of filter-cel was added to the percolate to 
facilitate the taking-up of the residue with the alco- 
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hoi-water menstruum to prepare the tincture for 
injection into frogs. The results are found in Table 
Il. 

Extracting the activity by shaking the material' 
directly with the solvent was shown to be more prac- 
tical than using a column. Using this procedure 3 
grams of the precipitated material, representing the 
activity of 4 grams of the dried leaf, were shaken 
with five 25 cc. portions of the solvent. The solvent 
was removed under vacuum using as little heat as 
possible. The residue was then dissolved in a mix- 
ture of 15 cc. alcohol and 5 cc. water and assayed. 
By this method butyl alcohol, a mixture of butyl 
alcohol and water, and a mixture of methyl ethyl 
ketone and water were tried as solvents. The re- 
sults are found in Table II. 


TABLE II.—SoLvVENTS FOR REMOVAL OF GLYCOSIDAL 
ACTIVITY 


Hear 
Systolic Standstill 
No. % 


Solvent 
Tetrahydrofuran 
Control 
Butyl alcohol 
Control 
Buty! alcohol-water 
Control 
Methyl ethyl ketone-water 
Control 


3 


88 
aon 


@ Represents the minimum amount of the tinctures which 
will cause systolic standstill one hour after administration in 
75% of the frogs tested 

+ The M. S. D. was not evident in the dosage range tested, 
0.015 ce./Gm. to 0.050 cc./Gm. 


Direct Mixing of the Solvent and the Aqueous 
Extract.—Previously it was shown that the precipi- 
tation method for removing the active principles 
from the aqueous extracts of the fresh leaves was 
effective, but the procedures were long and labori- 
ous and changes that incomplete precipitation or 
extraction could occur were evident. To 100 cc. 
of the 2% aqueous extracts, 50 cc. tetrahydrofuran 
was added, forming a miscible mixture with water. 
By saturating this mixture with anhydrous sodium 
sulfate, two layers separated. The aqueous layer 
was washed with two 20-cc. portions of tetrahydro- 
furan and a tincture prepared from the combined 
washings. The results of the tinctures’ assay are 
found in Table III. 

Frozen Digitalis Leaves.—Fresh digitalis leaves 
were frozen for four months. Tinctures were then 
prepared according to the prescribed methods tak- 
ing into consideration the change in moisture con- 
tent. From the frozen leaf tincture a minimum 
systolic dose of 0.035 cc./Gm. was obtained. Al- 
though a direct comparison with the fresh leaf tinc- 
ture was not possible, the results appear to indicate 
that the potency was retained in the frozen leaves. 

Removal of the Plant Pigments.—The butyl 
alcohol extracts were dark yellow in color and at- 
tempts were made to remove the pigments. The 
solvents furan, diethyl ether, petroleum ether, di- 
oxan, acetone, benzene and nitrobenzene were tried, 
but none were successful in removing the pigments 
without an appreciable loss of the active principles. 
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The pigments were believed to be polyhydroxy phe- 
nols which should be readily soluble in alkaline ma- 
terials. The butyl alcohol extracts were washed 
with various alkaline solutions, sodium carbonate 
(3%) and sodium hydroxide (0.1% and 1.0%) solu- 
tions. Although the pigments were successfully 
removed, frog tests of the tinctures prepared from 
the depigmented material showed a loss in activity. 
The depigmented tincture had a doubtful M. S. D. 
of 0.040 cc./Gm. compared with 0.025 cc./Gm. for 
the control tincture. 

Separation of Active Principles into Groups.-— 
The butyl alcohol extract from 100 Gm. of the pre- 
cipitated material was concentrated. The concen- 
trate was taken up in 300 cc. of water which was sub- 
sequently extracted with a liter of chloroform. The 
chloroform was removed in vacuo and the residue 
taken up in acetone. Upon the addition of benzene 
to the acetone solution a white precipitate formed 
which was removed from solution by centrifuging. 
With the Keller-Kiliani reagents a carmine red color 
formed at the innerface of the two acids and the 
acetic acid layer was blue. In certain proportions 
the mixture of acetone and benzene separated into 
two layers, the acetone forming a red colored layer 
and the benzene a yellow one. Addition of more 
benzene to this mixture resulted in further separation 
of the red layer. When tested with the Keller-Kiliani 
reagents, the portion of the red layer gave at the 
innerface between the reagents a carmine red color 
and the acid layer above was colored an indigo blue. 
On the other hand, a portion of the yellow layer 
when tested gave a brown zone at the innerface while 
the upper one was colored an indigo blue. 

The layer having the yellow color was allowed to 
evaporate spontaneously. As the acetone evapor- 
ated a white precipitate formed. When the acetone 
had evaporated, the white precipitate was removed 
and the remaining benzene solution was a clear yel- 
low. The clear yellow solution when tested with the 
Keller-Kiliani reagents gave a brown innerface zone, 
free from all traces of red, and the upper layer was 
colored blue. Thus the red layer gave a positive 
test for the gitalin group of glycosides (gitalin, gi- 
toxin, and purpurea glycoside B) and the yellow 
layer a positive test for the digitoxin group of gly- 
cosides (digitoxin and purpurea glycoside A). 


SUMMARY 


1. The Bay and Gisvold method for the 
aqueous extraction of the active principles from 
the fresh leaves of Digitalis purpurea gave 87 
per cent extraction of the activity as compared 
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Hearts in 

Systolic 

. 8. Standstill 

Solvent ~c./Gm. No. % 

Tetrahydrofuran on ppt. 
material 

Control 0.035 

Direct extraction 

tetrahydrofuran 

Control 


with 
0.035 
0.035 75 


s Represents the minimum amount of the tinctures which 
will cause systolic standstill one hour after administration in 


75% of the frogs tested 


Ce 
4 75 
0 4 75 
0 “4 100 
0 4 75 , 
0.025 4 100 
0.035 4 100 
0.035 4 100 
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with the activity of a control tincture prepared 
according to the official method when a 2 per cent 
aqueous extract was used. 

2. Precipitation of the active principles from 
the aqueous extract of the fresh leaves of Digitalis 
purpurea with a neutral salt as anhydrous sodium 
sulfate, was an effective means of storing the 
active material from the fresh leaves. 

3. Extraction of the precipitated material 
with the solvents butyl alcohol, methyl ethyl 
ketone, and tetrahydrofuran proved to be an 
effective means of removing the active principles 
from the storage form. Tetrahydrofuran was 
not as effective as the other two, but all showed a 
great selectivity for the removal of the active 
principles over the other plant constituents pres- 
ent. 

4. Fresh digitalis leaves were frozen and later 
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used in this investigation, their activity appearing 
not to have been destroyed. 

5. Attempts to remove the pigments from the 
purified extracts with alkaline substances failed, 
due to the destruction of the active principles. 

6. Through the use of the selective solvents 
acetone and benzene, the active principles in the 
purified extracts could be separated into two 
fractions. One gave a positive Keller-Kiliani 
test for digitoxin and purpurea glycoside A and 
the other a positive test for gitoxin, purpurea 
glycoside B, and gitalin. 
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Note 


A Note On Removal of Coating from Large Batches of 
Coated Tablets* 


By LEMUEL C. CURLIN 


HERE are times when a coating applied to tablets 
must be removed. A well-known procedure for 
small lots of tablets is to place a few tablets in a pan, 
cover the tablets with water, and agitate until the 
necessary amount of coating has been removed. 
The tablets are then dumped into alcohol, drained, 
and air dried. 

This procedure is not satisfactory for large batches 
because the longer time required in handling causes 
uneven removal of the coating. 

Recently, we were able to remove coatings from 
both waxed and unwaxed coated tablets by the fol- 
lowing procedure: 

The canvas was removed from a 28 inch F. J. 
Stokes Machine Company polishing head. Galva- 
nized window screening was strapped on in the same 
manner as the canvas was attached. The ends of 
the screen were overlapped and laced with wire. 


* Received June 14, 1949, from the L_ Perrigo Company, 
Allegan, Mich 


Drain boards were built so as to catch washings from 
the bottom and the left side of the drum. 

From 60 to 80 Ib. of coated tablets were placed in 
the drum and this was revolved on a No. 1-A stand. 
Isopropyl] alcohol (45°) was slowly poured on the 
moving tablets until the edges of the tablets began 
to show. At this point, 91°) isopropyl alcohol was 
added to stop the removal of the coating. This 
addition should be performed slowly so as to increase 
the concentration of alcohol gradually on the tablets 
We continued to add 91% isopropyl alcohol until 
the tablets were no longer sticky. Hot air was then 
applied to the rolling tablets until they were dry. 

Approximately one gallon of 45°) isopropyl aleo- 
hol was used for washing and a little over one gallon 
of the 91% was used for drying these tablets. The 
elapsed time was usually one and one-half hours. 

The advantages of this procedure are that the 
coating is removed evenly, the process can be 
stopped at any point desired, and large numbers of 
tablets can be processed. 
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Book Reviews 


Laboratory Fractional Distillation. By Tuomas P. 
CarRNEY. The Macmillan Company, New York, 
1949. vii + 259 pp. Illustrated. 15.5 x 24 cm. 
Price $5.75. 


This book will be a very welcome addition to the 
library of every laboratory that utilizes distillation, 
no matter what the scale of operation. It is unusual 
by being a very readable book that presents theory 
and laboratory practice in an easily understood 
language. 

It contains a good presentation of the theory of 
distillation along with an explanation of the use of 
vapor composition diagrams. There is a sufficiently 
thorough review of the mathematical treatment of 
binary mixtures as applied to the separation of com- 
ponents by distillation. Column characteristics 
such as flooding, hold-up, etc., are discussed ade- 
quately in a separate section from an introductory 
standpoint and, afterward, various factors affecting 
column characteristics are included along with 
column construction, operation, and packing. Re- 
flux ratios and theoretical plates are discussed along 
with their determination and the prediction of the 
necessary ratio and number of plates for a given 
separation. 

The various types of columns and packings are 
described and there is some discussion as to rela- 
tive merit. Occasionally one finds a very surprising 
bit of information such as the author's conclusion, 
based on sound experimental results, that ‘A well- 
operated Vigreaux will give the same results”. . . (as 
a Widmer column). . .“‘with less time and trouble.” 
Included in the book is a detailed description of 
column operation which should be of considerable 
value to those not already experienced in distilla- 
tion. Laboratory setups are described, including the 
proper use of traps and column heads. Methods for 
the determination of theoretical plates are included. 
The proper use of fraction cutters, of pressure regu- 
lators, and the determination of equilibrium con- 
ditions are described. 

There is a short section on micro and semi-micro 
distillation as well as a section on molecular distilla- 
tion. These subjects are treated very briefly, and 
rightly so, for very detailed treatises on these sub- 
jects are available elsewhere. 

Laboratory Fractional Distillation is well illus- 
trated by diagrams and is adequately referenced so 
that the reader might readily refer to more advanced 
study of each subject or to a particular set of ex- 
perimental results. It has a general bibliography 
listed by subject which refers the reader directly to 
original articles on such subjects as double plate 
columns, construction of columns, micro fractiona- 
tion, etc. 

It is the reviewer's opinion that this book will be a 
very valuable addition to the library of every scien- 
tifie laboratory. 


Antibiotics. By ROBERTSON Pratt and JEAN 
DuFrRENoy. J. B. Lippincott Company, Philadel- 
phia, 1949. xi+ 255pp. Illustrated. 15.5x 23.5 
em. Price $5. 

This book containing fundamental facts and 
principles relating to antibiotics has been written to 
fill the gap between the necessarily brief, popular 
accounts on the one hand and the technical accounts 
intended for specialists on the other hand. It is, as 
the authors intended, sufficiently comprehensive to 
satisfy those whose business is concerned with the 
health sciences but not so technical as to discourage 
the interested individual whose major activities lie 
in other fields. Separate chapters are devoted to 
penicillin, streptomycin, chloromycetin, aureo- 
mycin, polymyxin and tyrothricin. The history, 
chemistry, industrial production, chemotherapeutic 
use and other pertinent information is presented for 
each of these drugs. There is a separate chapter 
covering other antibiotics and it contains tables, 
listing over 100 antibiotics, their biologic source, 
date of discovery and classes of microorganisms 
against which they are active. In this same chapter 
there are also discussions of bacitracin, subtilin, 
streptothricin, neomycin, and several others. There 
is a very interesting chapter on mechanisms of anti- 
biotic action in which evidence is presented showing 
how pencillin or streptomycin can interfere with the 
metabolic activities of the living microorganism and 
thus bring about its death. Some questionable 
statements were noted, for example on page 55 
aureomycin is referred to as a polypeptide; it is nota 
polypeptide. 

On pages 82 and 151 it is indicated that penicillin 
is an effective chemotherapeutic agent for the 
treatment of psittacosis, a virus disease; its value 
in the treatment of this disease is questionable and 
has not been confirmed clinically. It is felt that 
perhaps more prominence could have been given in 
the book to bacitracin, an antibiotic which is 
available commercially today in various dosage 
forms. It is also believed that a few more litera- 
ture references would have been valuable. For 
instance, at the end of chapter 3 several ref- 
erences to papers on assay methods would have 
been helpful, and at the end of chapter 5 a reference 
to the ‘Chemistry of Penicillin” by Clarke, Johnson, 
and Robinson could have been given. 

The book is written in an interesting, easily read- 
able style, is well illustrated and contains much 
valuable information on the various antibiotics. 
Those who are specialists in the field of antibiotics 
would probably consider the book as somewhat ele- 
mentary. The book is recommended for those with 
scientific training whe have only a vague knowledge 
of this new class of drugs and who wish to obtain a 
clear, concise picture of the pertinent facts and prin- 
ciples of antibiotics. —DonaLp C. Groves. 
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Industrial Hygiene and Toxicology. Volume II. 
FRANK A. Patty, Eprror. Interscience Pub- 
lishers, New York, 1949. xxviii + 603 pp. 16.5 
x 25.5cm. Price $15. 

The second volume of this work takes up in some 
detail the toxicology of individual chemicals and 
chemical groups, and the coverage is surprisingly 
complete. The physical properties of each com- 
pound or type of compound are listed and usually a 
method for its determination in the atmosphere is 
given. Maximum permissible concentrations are in- 
cluded along with the physiological response, both 
acute and chronic. 

This book should be of considerable value to every 
laboratory, for almost every type of compound that 
one might work with is discussed here either as an 
individual! or under a group, and a knowledge of toxi- 
city might be gained by quick reference, thus making 
possible a safer laboratory practice. There is an 
excellent chapter on potential exposures in industry 
which lists under the type of industry the probable 
hazards, and it seems that this type of arrangement 
may make the book much more useful to those who 
are not accomplished toxicologists. 

Although this book is primarily designed for in- 
dustry and there has its greatest value, it should also 
be useful to the practicing pharmacist who fre- 
quently wishes to learn the toxicity of organic com- 
pounds that have not previously been listed in com- 
mon pharmacy references. 


The Chemistry of Organic Medicinal Products. 3rd 
ed. By Gienn L. JeNKINS AND WALTER H. 
Hartrunc. John Wiley and Sons, New York, 
1949. ix + 745pp. 15x 23.5cm. Price $7.50. 
Those who have used a textbook throughout sev- 

eral editions always look forward with interest to new 
editions, and this new edition of The Chemistry of 
Organic Medicinal Products will afford particular 
pleasure to former users of the book. Practically 
every chapter has been expanded to include most of 
the new developments in this rapidly-moving field of 
organic chemistry. Changes have also been made 
to include new knowledge of the older products. 
There has been a continued attempt to correlate 
changes in activity with structural modifications. 
The book does not confine itself to the organic chemi- 
cals now accepted in the official books, not even tc 
those that are in use at the present time, but in- 
cludes, in many instances, drugs that have been syn- 
thesized and found to be active though perhaps not 
suitable for use because of toxicity, etc. The inclu- 
sion of such related compounds is much more stimu- 
lating to the student and gives him a better back- 
ground and understanding of the development of 
some of the more useful therapeutic agents. 

The reviewer is pleased to see that a section on 
antihistaminics has been included which gives a very 
brief review of the development of the antihista- 
minics and lists most of the outstanding develop- 
ments. Many of the chemicals that have been 
found to have potent antihistaminic activity are 
listed and typical syntheses are indicated. The sec- 
tion on amino acids has been brought up to date and 
retains its excellence. 

As in the previous editions, there is a review of the 
elementary chemistry of the compounds to be dis- 
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cussed, even though the book is intended for students 
who have completed elementary organic chemistry. 
This is presented in such a concise form, however, 
that it is not particularly objectionable. The sec- 
tion on natural mixtures ts a weak point in the text 

Here one finds the same type of discussion of fats and 
volatile oils, gum-resins, etc., that one would expect 
in a standard dispensatory, and the chemistry here 
is no more detailed or more interesting. In the 
opinion of the reviewer, the section on enzymes is en- 
tirely too brief; it does not give sufficient description 
of the mechanism of enzyme action and does not 
have sufficient illustration. There isno summary or 
indication of the application of the dissociation con- 
stants of enzyme-substrate and enzyme-inhibitor, 
and not enough detail on competitive and non- 
competitive inhibitors. Very few enzymes are men- 
tioned specifically. The deletion of pepsin must 
have been an oversight. 

One finds a number of details regarding newer or- 
ganic drugs that will have to be supplied by supple- 
mentary lectures. Some of this information, of 
course, may not have been available at the time of 
writing. For example, aureomycin and neomycin 
are not included. Hyaluronidase, cytochrome-C, 
Antabuse, Cortisone, and ACTH are not mentioned 
The structure of adenosine triphosphate and its 
therapeutic use are not given. One will find occa- 
sionally that a relatively important synthesis may be 
missing, such as that of phenothiazine or of chlor 
amphenicol. There is no information on the use of 
folic acid analogs, such as aminopterin. The chemi 
cal constitution of dihydrostreptomycin and of pro- 
caine penicillin are not given. 

The third edition of The Chemistry of Organic 
Medicinal Products is a greatly improved and much 
more valuable book than its previous edition, and de- 
serves examination by every teacher and worker in 
the field of organic medicinal chemistry 


Fundamentals of Pharmacy. 2nd ed., revised. By 
Wa ter H. Biome anp Cuarves H. STocKInG 
Lea and Febiger, Philadelphia, 1949. 312 pp. 
Illustrated. 15x 24cm. Price $5. 

It is the avowed purpose of the authors of this 
volume to “‘keep the text down to small compass and 
to make it readily understandable to the beginning 
pharmacy student who has recently completed the 
work of high school and who generally has had but 
one rudimentary course each in chemistry and phys- 
ics and but few courses in mathematics.”” Some 
may feel that in accomplishing their first purpose the 
authors have culled out much which is significant 
However, it must be admitted that any sacrifice 
which has been made for the sake of brevity has been 
at least partially compensated for by the conciseness 
of thought and clarity of statement which character 
izes the work. 

The second objective implies that the text is de 
signed for the beginning pharmacy student, yet the 
latter portions of the text would hardly bear out 
this presumption. Included in this portion of the 
book, titled “Practical Pharmacy,”’ are chapters 
dealing with the manufacture of tablets and hypo 
dermic medication, biological products, animal prod 
ucts, etc. While these chapters have been excei 
lently prepared, the material presented can hardly 
be considered as appropriate to a beginning course in 
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pharmacy. Furthermore, a large portion of the 
book is devoted to a commentary on official prepa- 
rations and would presumably be used in conjunc- 
tion with courses taught during years later than the 
first course. All of these facts scarcely justify the 
authors’ apprehension concerning the ‘‘rudimen- 
tary” nature of the students’ background at the time 
of admission to the study of pharmacy. 

The first portion of the book, titled ‘‘Theoretical 
Pharmacy,” is devoted to those fundamental pro- 
cedures and principles which are referred to by the 
authors as the “‘mechanics of pharmacy.” 

The book would seem to meet the need of some 
teachers as a text for the first course in pharmacy and 
as a text or reference book in other courses. Other 
readers, however, will feel that the authors have at- 
tempted to cover an excessive amount of material in 
the pages allotted. The usefulness as a text would 
undoubtedly be increased by the inclusion of chapter 
reference lists and suggestions for collateral reading. 
—Josepu B. SpROwLsS. 


A Textbook of Pharmacognosy. 5thed. By GrorcE 
Epwarp Trease. Williams & Wilkins, Balti- 
more, 1949. 811 pp. Illustrated. 14 x 22 cm. 
Price $8. 

The planning of a textbook requires the informa- 
tion of a well-trained student combined with years 
of teaching by the author. We believe Professor 
Trease has fulfilled these two requirements. He 
starts out with an excellent though brief history of 
pharmacognosy and descriptions of some important 
herbals, the latter considered by some as supple- 
ments to pharmacognosies. 

The commerce of crude drugs in London is dealt 
with in an excellent way with illustrations of various 
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drug packages. Public sales and auctions of drugs 
have been brought up to date. 

There is a very good chapter on drug cultivation 
which is more helpful to the English student of phar- 
macy than the American. 

We are attracted by the chapter of 26 pages on 
“The Constituents of Drugs.”’ This seems almost 
necessary in view of the fact that pharmacognosy 
very often is given before the student has had organic 
chemistry and the author has described these plant 
substances in a way that the student can under- 
stand, even though he has not had organic chemis- 
try. However, the information in this chapter 
must not be left until after the student has com- 
pleted the study of the drugs but should be used in 
connection with the study of the drugs containing 
such active substances. 

The chapter on “Extraction of Drugs” is very 
appropriate because, from it, students will get a 
better understanding of the relation of the substance 
extracted to its plant source and such terms as alka- 
loids, volatile oils, etc., will mean much more to him. 

The chapter on powdered drugs includes a scheme 
for the identification of a drug. A chapter on cell 
structure and one on cell contents are helpful in 
courses with time enough for such topics. 

Authors do not agree as to whether textile fibers 
should be considered a part of pharmacognosy but 
the author discusses these items which are of value 
since our pharmacopeias describe in detail items 
containing these fibers such as sutures, bandages, 
and surgical dressings. 

The many illustrations showing the commercial 
preparation of the drug add much to the value of 
the book as a text. 

The over-all picture is that of an excellent text.— 
CHALMERS ZUPALL. 


U. S. P. Convention to Adopt 
New Constitution and By-Laws 


T= 1950 U. S. P. Convention must act on 

proposed changes in its Constitution and 
By-Laws when it meets in Washington, D. C., 
on May 9, 1950. 

Far-reaching changes in these documents 
were proposed at an adjourned meeting of the 
1940 Convention held in Cleveland, Ohio, 
April 7, 1942. At that time only the By-Laws 
could be acted upon. Action on the Consti- 
tution had to await the next decennial conven 
tion. 

In order to give pharmacists an opportunity 
to study the proposed revision of the Constitu- 
tion and By-Laws submitted at the 1942 meet- 
ing and subsequently reviewed by competent 


authority, we are printing the proposals in full 
in the succeeding pages. Those who study the 
provisions of these documents should bear in 
mind that we are printing the Constitution 
and By-Laws as they would read if adopted 
with all proposed amendments. » To compare 
these revised documents with the present Con- 
stitution and By-Laws, the reader is referred 
to the original documents as printed on pages 
xliv to lix, inclusive, of the U. S. P. XIII. 

It is also possible to obtain a copy of the pro- 
posed Constitution and By-Laws showing the 
changes line by line and paragraph by para- 
graph from Dr. Adley B. Nichols, Secretary of 
the U. S. P. Convention, 46 Park Avenue, 
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New York 16, N. Y. Copies have al- 
ready been distributed to all organizations 
entitled to send delegates and will be mailed 
to each delegate after his credential forms have 
been submitted by the organization he repre- 
sents 


REVIEW OF PROPOSED CHANGES 


At the 1940 decennial meeting of the United 
States Pharmacopeial Convention held in 
Washington, a committee was appointed to 
revise the Constitution and By-Laws. This 
committee made its report to an adjourned 
meeting of the Convention held in Cleveland 
in 1942. In conformity with the requirements 
of the present Constitution (U. S. P. XIII, 
page xliv) it was impossible at that time to act 
upon the proposed Constitution submitted by 
the Committee. However, the present Con- 
stitution did not prevent action on the pro- 
posed revision of the By-Laws and the latter 
were approved substantially as recommended 
(U.S. P. XIII, page xvii). Minor changes in 
these By-Laws were necessary in the meantime 
to make them conform to the existing Constitu- 
tion for the balance of the 1940-1950 decade 
which the original Constitution re- 
mained effective. Authorization was given at 
the adjourned meeting in Cleveland to make 
the new By-Laws effective in time for the 1950 
decennial meeting of the Convention 

It was expected that the proposed Constitu- 
tion would be formally acted upon at the 1950 
meeting, and any necessary changes would 
then be made to bring the revised By-Laws 
again into conformity with the new Constitu- 


during 


tion. During the time which has elapsed since 
the 1942 meeting, both the Committee on 
Constitution and By-Laws and the U. 5S. P. 
Board of Trustees have critically studied and 
reviewed the revised Constitution and the By- 
Laws in an attempt to eliminate inconsistencies 
and to correct any features which previously 
might have been overlooked. The final re- 
sults of these endeavors have been carefully 
reviewed by the bodies men- 
tioned and by counsel for the U. S. P. Conven- 
tion. It is believed that the final revision here 
submitted represents a Constitution and By- 
Laws which will materially strengthen the 


authoritative 


procedures of the Convention and greatly sim 
plify its operation 

The changes in the Constitution represent 
essentially the material which the special com- 
mittee presented at the adjourned meeting of 
the 1940 Convention held in Cleveland in 1942 
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in accordance with instructions given at that 
time. A brief résumé of the major changes in 
the Constitution follows: 


ARTICLE I: A definition of the Pharmacopoeia 
is included. 

ArTICLE II: The list of institutions to be 
represented is revised in order to prevent dupli- 
cation. Each member institution is limited to 
one delegate in order to reduce the size of the 
Convention and to carry out the evident pur- 
pose of the Convention to limit each delegation 
to one vote. Institutions other than those 
specifically named are required to be approved 
by an accrediting agency or to be affiliated with 
their national organization. 

Delegates are required to be directly con- 
nected with the institution which they repre 
sent. 

ArTIcLE III: The number of vice-presidents 
is reduced to one. The officers of the Conven- 
tion are nominated from the floor and elected 
by the delegates. The office of Assistant 
Secretary is abolished. 

ArTICLE V: The time of the decennial 
meeting is changed from May to April as a 
more convenient time. 

The business of special meetings is limited to 
the purposes mentioned in the call for the 
meeting. 

ArticLe VI: A quorum of 50 is provided 
for as compared with the 25 required in the 
present By-Laws. 

ArticLte VII: Additional amendments sub 
mitted at the first session of a decennial or 
special meeting of the Convention, aftgr being 
reported upon by the Board of Trustees, are 
required before becoming a part of the Consti- 
tution to receive the affirmative votes of not 
less than seven-eighths of the members present 
and voting 

Most of the changes in the revised By-Laws 
now conforming to the present Constitution 
represent only minor modifications required to 
bring them once more into conformity with the 
revised Constitution. Other changes have 
been made for the purpose of strengthening the 
official position of the Pharmacopeia and the 
Convention as a whole. 

The Committee on Constitution and By- 
Laws was made up as follows: A. H. Bunce, 
M.D., Chairman; P. H. Costello, Carson P. 
Frailey, W. A. Groat, M.D., Theodore G. 
Klumpp, M.D., C. H. Rogers, W. F. Rudd, 
T. Sollman, M.D., H. C. Wood, Jr., M.D. 
ex-officio, Cary Eggleston, M.D., L. E. War- 
ren, E. F. Cook. 
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PROPOSED CONSTITUTION AND BY-LAWS 


OF 


The United States Pharmacopoeial Convention 


CONSTITUTION 


Complete Text of the Proposed Constitution and By-Laws of the United States 
Pharmacopoeial Convention as it would read if adopted as submitted. 


ARTICLE I. NAME AND OBJECTS 

Section 1. The corporate name of this 
corporation shall be ‘‘The United States 
Pharmacopeial Convention,”’ hereinafter re- 
ferred to in this Constitution as the Pharma- 
copeial Convention. 

The alternate spelling, ‘“‘Pharmacopeial,”’ 
shall also be considered as official. 

Section 2. Its objects shall be those de- 
clared in its Certificate of Incorporation, which 
includes the revision and publication of the 
Pharmacopeia of the United States of America, 
also referred to as The United States Pharmaco- 
peia and as the U. S. P., and of the Supple- 
ments thereto. 

Section 3. The Pharmacopeia of the United 
States of America is a book, together with its 
Supplements, published by and issued under 
the authority of the Pharmacopeial Conven- 
tion; it is prepared and regularly revised by 
a committee of representative medical, phar- 
maceutical and other scientific experts; its 
purpose is to provide authoritative standards 
for substances and their preparations which 
are used in the science of medicine. For these, 
The United States Pharmacopeia establishes 
titles, definitions, descriptions and standards 
for identity, quality, strength and purity, and 
also, when practicable, formulas for manufac 
turing. 

ARTICLE Il. MEMBERSHIP 

Section 1. The members of the Pharma- 
copeial Convention shall consist of accredited 
delegates representing the following institu- 
tions and organizations, and designated divi- 
sions of the federal government: 

Colleges and schools of medicine in the 
United States, its territories, and the District 


of Columbia, accredited by the Association of 
American Medical Colleges and by the Council 
on Medical Education and Hospitals of the 
American Medical Association; colleges and 
schools of pharmacy in the United States, its 
territories, and the District of Columbia, ac- 
credited by the American Council on Pharma- 
ceutical Education; state and territorial medi 
cal associations or state and territorial medical 
societies and the Medical Society of the Dis- 
trict of Columbia, constituents of the American 
Medical Association, and state and territorial 
pharmaceutical associations or state and terri- 
torial pharmaceutical societies and the District 
of Columbia Pharmaceutical Association, affili- 
ated with the American Pharmaceutical As- 
sociation. 

Also the American Chemical Society, the 
American Dental Association, the American 
Drug Manufacturers’ Association, the Ameri- 
can Hospital Association, the American Medi- 
cal Association, the American Pharmaceutical 
Association, the American Pharmaceutical 
Manufacturers’ Association, the American 
Veterinary Medical Association, the National 
Association of Retail Druggists, the National 
Wholesale Druggists’ Association and the 
Association of Official Agricultural Chemists. 

Also a delegate appointed by The Surgeon 
yeneral of the United States Army, a delegate 
appointed by The Surgeon General of the 
United States Navy, a delegate appointed by 
The Surgeon General of the United States 
Public Health Service, a delegate appointed 
by The Surgeon General of the United States 
Air Force, a delegate appointed by The Chief 
Medical Director of the Veterans’ Administra- 
tion, a delegate appointed by the Director of 
the National Bureau of Standards, and a dele 
gate appointed by the Commissioner of Food 
and Drugs. 


117 


|| 
| 
| 


118 


Section 2. Other medical and pharmaceuti- 
cal associations and colleges and schools of 
medicine and pharmacy in the American na- 
tions, which have adopted The Pharmacopeia 
of the United States, may be invited by the 
Board of Trustees to send representatives as 
scientific members of the Pharmacopeial Con- 
vention These representatives shall be ex- 
tended the privilege of the floor of the Pharma- 
copeial Convention but shall not be entitled 
to vote. 


Section 3. Each institution, organization, 
and designated division of the federal govern- 
ment entitled to representation in the Pharma- 
copeial Convention, as provided for in Article 
II, Section 1, of this Constitution, shall be 
entitled to one delegate or an alternate at any 
meeting of the Pharmacopeial Convention. 
Each delegate and alternate shall be an officer 
or a member of the academic staff of the college 
or school, an active member of the association 
or society, or an employee of the division of the 
federal government which he represents 

A delegate or an alternate shall be elected 
or appointed in such manner as the institution 
or organization electing or appointing him shall 
provide, but neither shall be seated in the 
Pharmacopeial Convention unless his creden- 
tials shall comply with the provisions of the 
By-Laws. An alternate shall serve in the 
capacity of a delegate only in the absence of an 
accredited delegate and until such time as the 
accredited delegate shall assume his duties. 

An accredited delegate or alternate shall con 
tinue to serve in his respective capacity until 
the next regular meeting of the Pharmacopeial 
Convention or until his successor shall have 
been elected or appointed and accredited. 


Section 4. A delegate shall not represent 
more than one college, school, association, 
society, or division of the federal government. 


ARTICLE Ill. OFFICERS 


The officers of the Pharmacopeial Conven- 
tion shall be a President, a Vice-President, a 
Secretary and a Treasurer, to be elected by 
ballot by the accredited delegates at each 
decennial meeting for a term of ten years. 
Nominations shall be made from the floor by 
accredited delegates of the Pharmacopeial 
Convention. Vacancies in these offices shall be 
filled as provided in the By-Laws. 
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ARTICLE IV. GENERAL COMMITTEE OF 
REVISION AND BOARD OF TRUSTEES 


The accredited delegates to the Pharma- 
copeial Convention shall elect a General Com- 
mittee of Revision and a Board of Trustees at 
each decennial meeting, as provided in the By- 
Laws. 


ARTICLE V. MEETINGS 


The regular meetings of the Pharmacopeial 
Convention shall be held decennially. The 
time of holding the decennial meeting shall be 
the second Tuesday in April in the year of each 
decade ending in zero, and the place of meeting 
shall be the City of Washington, D. C., but the 
Board of Trustees is authorized to change the 
day of the year and the place of meeting. 

The President shall call a special meeting 
upon the written request of not less than fifty 
members of the Pharmacopeial Convention, at 
least twenty-five of whom shall be accredited 
delegates from medical organizations or col- 
leges and at least twenty-five of whom shall be 
accredited delegates from pharmaceutical or- 
ganizations or colleges. The call for the meet- 
ing shall state the special purposes for which 
the meeting is called, and shall be mailed to all 
those entitled to representation under this 
Constitution not less than sixty days in ad- 
vance of the meeting. The business of a 
special meeting shall be limited to the purposes 
for which the meeting was called. 

ARTICLE VI. QUORUM 

At any session of the Pharmacopeial Con- 
vention, fifty accredited delegates shall con 
stitute a quorum. 


ARTICLE VII. AMENDMENTS 


Section 1. Every proposition to alter or 
amend this Constitution, except as hereinafter 
provided, shall be submitted in writing to the 
Board of Trustees, and after review by the 
Board, shall be submitted, at least sixty days 
before the decennial or a special meeting of the 
Pharmacopeial Convention, together with the 
Board's recommendation, to the medical and 
pharmaceutical press and to those institutions, 
organizations and designated divisions of the 
federal government authorized to send dele- 
gates to the Pharmacopeial Convention. At 
the next ensuing meeting of the Pharmacopeial 
Convention, upon receiving the affirmative 
votes of at least three-fourths of the accredited 
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delegates, or their alternates serving in the 
capacity of delegates, present and voting, it 
shall become a part of this Constitution. 
Section 2. Amendments may also be pro- 
posed in writing by one or more accredited 
delegates at the first session of a decennial or 
special meeting of the Pharmacopeial Conven- 
tion, and shall be referred to the Board of 
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Trustees. The Board of Trustees shall report 
upon such proposed amendments at the next 
succeeding session, when, upon receiving the 
affirmative vote of not less than seven-eighths 
of the accredited delegates, or their alternates 
serving in the capacity of delegates, present and 
voting, they shall become a part of this Consti- 
tution. 


BY-LAWS 


CHAPTER I.—THE PRESIDENT 


Article I. The President shall preside at all 
meetings of The United States Pharmacopczial 
Convention, hereinafter (except in Chapter 
XII) referred to in these By-Laws as the 
Pharmacopeial Convention, until his successor 
shall have been elected and installed. In the 
event of his absence or inability to preside, the 
Vice-President, or in the absence of both, a 
President pro tempore, to be appointed by the 
Board of Trustees, shall conduct the meeting. 

Article II. A vacancy occurring in the 
Presidency between meetings of the Pharma- 
copeial Convention shall be filled by the Vice- 
President, or in the event of his inability to 
serve, the Board of Trustees shall elect a 
President. 

Article II. In the absence of the Secretary, 
the President shall appoint a Secretary pro 
tempore 

Article IV. ‘The President shall have a right 
to call a member to the chair in order that he 
may take the floor in debate. The President 
shall not vote except in the case of a tie, when 
he shall cast the deciding ballot. 

Article V. The president shall appoint all 
committees not otherwise provided for in the 
By-Laws. 

Article VI. On or about the first of January 
of the year immediately preceding that of the 
decennial meeting of the Pharmacopeial Con- 
vention, the President, through the Secretary, 
shall mail a notice of the meeting, and a re- 
quest to appoint a delegate and an alternate to 
those entitled under the Constitution to repre- 
sentation. He shall mail a second notice of the 
meeting and the request for the appointment 
of the delegate and alternate not later than the 
first of December immediately preceding the 
calendar year of the decennial meeting, and 
shall also request medical and pharmaceutical 
journals of the United States to publish the 
announcement for the said meeting. 


Article VII. The President shall present an 
address at the decennial meeting. 

Article VIII. The President shall be a 
member ex-officio of the Board of Trustees, and 
of all committees. 


CHAPTER II.—THE VICE-PRESIDENT 


Article I. The Vice-President shall fill a 
vacancy in the Presidency and shall preside in 
the absence of the President. 

Article II. The Vice-President shall be a 
member ex-officio of the Board of Trustees 
without vote. 

Article III. A vacancy occurring in the 
office of Vice-President between meetings of the 
Pharmacopeial Convention shall be filled by 
the Board of Trustees. 


CHAPTER III.—THE SECRETARY 


Article I. The Secretary shall keep the min- 
utes of each meeting of the Pharmacopeial Con- 
vention and receive all reports, essays and 
papers presented to the said meeting. He shall 
compile abstracts of the decennial and special 
meetings of the Pharmacopeial Convention 
and submit them to the Board of Trustees and, 
upon its order, shall arrange for their publica- 
tion. 

Article II. The Secretary shall present to 
the meeting of the Pharmacopeial Convention 
all papers handed to him for that purpose by 
the President, and shall record the ayes and 
nays when required; he shall notify the chair- 
man and members of each committee of their 
appointment, giving each member the name 
of the chairman of his committee and the 
names of the members and state the business 
upon which the committee is to act. 

Article III. The Secretary shall deliver all 
documents of the Pharmacopeial Convention 
to the Board of Trustees. 
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Article IV. The Secretary shall issue such 
notices, announcements and requests as are 
provided for in Chapter I, Article VI, of the 
By-Laws, together with credential forms which 
shall be mailed with the second notice, and 
shall also mail the notices of special meetings 
required by Article V of the Constitution. 

Article V. The Secretary shall act as Secre- 
tary of the meetings of the Pharmacopeial Con- 
vention until his successor shall have been 
elected and installed. 

Article VI. ‘The Secretary shall be a mem- 
ber ex-officio of the Committee on Credentials 
and of the Committee on Arrangements and 
shall serve as Secretary of the Nominating 
Committee. 

Article VII. A vacancy occurring in the 
office of Secretary between meetings of the 
Pharmacopeial Convention shall be filled by 
the Board of Trustees. 


CHAPTER IV.—THE TREASURER 


Article I. The Treasurer shall receive all 
moneys coming from any source to the Phar 
macopeial Convention and shall pay out 
moneys as may be directed by the Board of 
rrustees. 

Article Il. The Treasurer shall pay moneys 
only on the authorization of the Board of 
All bills must be accompanied by 
proper vouchers and all payments shall be by 


lrustees. 


checks, having the signatures of the Treasurer 
and either one of two persons duly authorized 
by the The Treasurer and 
each of such duly authorized officials shall pro 
cure and file a bond to the amount of $10,000, 
the bond to be signed and executed by a bond 


Board of Trustees 


ing or surety company acceptable to the Board 
of Trustees. The expense attending the pro 
curement of the bonds shall be paid from the 
funds of the Pharmacopeial Convention. 
During any temporary disability or absence 
of the Treasurer, an Acting Treasurer may be 


appointed by the Board of Trustees to sign 
checks in place of the Treasurer. 


Article III. The Treasurer shall present at 
the decennial meeting of the Pharmacopeial 
Convention a complete financial statement in- 
cluding the receipts and disbursements during 
the preceding decennium, and he shall present 
annually to the Board of Trustees a complete 
financial statement. The annual and decen 
nial reports of the Treasurer must be audited 
The 


as Treasurer until his successor 


by a certified public accountant lreas 
urer shall act 


shall have been elected and installed 
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Article IV. The Treasurer shall be a mem- 
ber ex-officio of the Board of Trustees without 
vote. 

Article V. A vacancy occurring in the office 
of Treasurer between meetings of the Pharma- 
copeial Convention shall be filled by the Board 
of Trustees. 


CHAPTER V.—THE BOARD OF TRUSTEES 


Article I. Section 1. The Board of Trustees 
shall consist of six persons elected from the 
accredited delegates at the decennial meeting 
together with the President of the Pharma 
copeial Convention. The Vice-President, the 
Treasurer and the Director of Pharmacopeial 
Revision shall be members ex-officio of the 
Board of Trustees, but shall not be entitled to 
vote. 

Of the six elected members of the Board of 
Trustees, at least two shall be delegates from 
pharmaceutical colleges or organizations and 
at least two shall be delegates from medical 
colleges or organizations. They shall be nomi- 
nated from the floor and elected by the ac 
credited delegates at each decennial meeting of 
the Pharmacopeial Convention. With the ex 
ception of the President of the Pharmacopeial 
Convention the voting members of the Board 
of Trustees shall not be members of the General 
Committee of Revision. 

The Board of Trustees may hold executive 
sessions which shall include only the voting 
members. 

Section 2. The Board of Trustees shall fill 
vacancies for unexpired terms of office of the 
six elected members of the Board of Trustees, 
the President, the Vice-President, the Secre 
tary, and the Treasurer, as hereinbefore pro- 
vided. 

Article II. The officers of the Board of 
Trustees shall consist of a Chairman and a 
Secretary, both of whom shall be elected by 
ballot by the Board. A majority of the votes 
of the Board shall be sufficient to elect. The 
Chairman of the Board of Trustees shall serve 
as a member ex-officio of the Committee on 
Credentials and of the Committee on Arrange 
ments. The Secretary of the Board of Trustees 
need not be a member of the Board of Trustees 

Article III. The Board of Trustees shall 
issue a revision of the United States Pharma 
copeia at approximately five-year intervals and 
unless unusual circumstances prevent shall also 
issue such Supplements to the United States 
Pharmacopeia as may be deemed necessary 
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Article IV. Section 1. The Board of Trus- 
tees shall have the management and control of 
the affairs and funds of the Pharmacopeial 
Convention, except as is herein otherwise pro- 
vided. 

Each year the Board of Trustees shall pub- 
lish an annual report of the Treasurer, which 
shall include, under appropriate headings, ex- 
penditures made for administration of the 
Pharmacopeial Convention and for the work of 
revision of The United States Pharmacopeia. 

Following the publication of each Pharma- 
copeia the Treasurer shall present to the Board 
of Trustees for publication a complete state- 
ment of the honoraria paid for revision and 
administrative work together with the names 
of those to whom the moneys were paid. 

The Board of Trustees may invest the funds 
of the Pharmacopeial Convention, authorize 
the payment of all moneys due for services per- 
formed, transact business involving financial 
or other matters that may be for the best inter- 
ests of the Pharmacopeial Convention, and per- 
form such other duties as the Pharmacopeial 
Convention direct. Any and all con- 
tracts or agreements authorized by the Phar- 
macopeial Convention or the Board of Trustees 
shall be executed on behalf of the Pharma- 
copeial Convention by the Chairman and the 
Secretary of the Board of Trustees, or by such 
other person or persons as the Board may desig- 
nate. 

Upon recommendation of the Executive 
Committee of Revision, the Board of Trustees 
may remove any member of the General Com 
mittee of Revision. 

Before a new United States Pharmacopeia 
or a new Supplement, hereinafter in this sec- 
tion called the ‘‘book,”’ is released for public 
distribution, the Director of Pharmacopeial 
Revision shall certify in writing to the Board 
of Trustees: (1) that the book has been com- 
pleted and has been approved by the Execu- 
tive Committee of Revision: and (2) that each 
part of the book has been approved by the 
appropriate Subcommittee of Revision. 
Thereupon, the Board of Trustees shall author 
ize the release of the book for publication, and 
shall designate the date when the book is to be 
come official, said date to be reasonably distant 
from the date of its release for public distribu 
tion. 

Section 2. Before the decennial meeting of 


may 


the Pharmacopeial Convention, or at any time 


in case of a vacancy, the Board of Trustees 
shall elect a Director of Pharmacopeial Re 
who has served as a 


vision, preferably one 
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member of a General Committee of Revision. 
The Board of Trustees may request the advice 
and suggestions of the Nominating Committee 
before electing a Director of Pharmacopeial 
Revision. Upon recommendation of the 
Director of Pharmacopeial Revision, the Board 
of Trustees may appoint an assistant to the 
Director. The assistant shall perform such 
duties as may be assigned to him by the Direc- 
tor or by the Board of Trustees, and he may 
serve as Secretary to the Board‘of Trustees if 
deemed desirable by the Board. 

Section 3. The Board of Trustees shall 
maintain a headquarters for the business of 
the Pharmacopeial Convention. 

Article V. There shall be an annual meeting 
of the Board of Trustees at such time and 
place as the Board shall direct. The Board of 
Trustees shall have the right to transact busi 
ness by correspondence. A motion by mail 
shall require no seconder. Special meetings 
of the Board of Trustees shall be called upon 
the written request of at least four voting mem- 
bers. The Chairman shall have the power to 
call a special meeting whenever he shall deem 
it necessary. Four voting members shall con 
stitute a quorum. An elected member of the 
Board shall not receive compensation for his 
services unless elected to serve as Secretary of 
the Board. Members of the Board of Trustees 
shall be reimbursed from the funds of the 
Pharmacopeial Convention for traveling and 
other necessary expenses which may be in- 
curred by them in the performance of their 
duties. 


CHAPTER VI.—THE GENERAL AND 
EXECUTIVE COMMITTEES OF REVISION 


Article I. The General Committee of Re- 
vision shall have a membership of sixty per- 
sons, of whom twenty shall be qualified in 
medical sciences and forty in pharmaceutical 
and allied sciences, together with the President 
of the Pharmacopeial Convention, ex-officio, 
and the Director of Pharmacopeial Revision, 
The members of the General Com- 
mittee of Revision shall be elected at the decen- 
nial meeting by the accredited delegates of the 
Pharmacopeial Convention. The business of 
the Committee may be transacted by corre- 
spondence. 

Article II. As promptly as possible after 
their election, the members of the General 
Committee of Revision shall assemble, at the 
call of the Director of Pharmacopeial Revision, 


ex-officio. 
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for organization and the transaction of such 
other business as may be necessary to promote 
the work of revision. 

Article III. The General Committee of Re- 
vision shall organize by electing, from among 
its members, a Secretary, who shall also serve 
as the Secretary of the Executive Committee of 
Revision. The Director of Pharmacopeial 
Revision shall organize from the General Com- 
mittee of Revision ten subcommittees, each 
covering a specific division of the work of re- 
vision. The membership of subcommittees 
shall be approved by the General Committee 
of Revision and by the Board of Trustees. 

Each subcommittee shall elect its own chair- 
man. The ten subcommittee chairmen, so 
elected, together withthe Director of Pharmaco 
peial Revision, ex-officio, shall constitute the 
Executive Committee of Revision. The Direc 
tor of Pharmacopeial Revision shall be Chair- 
man of the General Committee of Revision 
and of the Executive Committee of Revision. 

Article IV. The General Committee of Re- 
vision and the Executive Committee of Re- 
vision shall make such rules and regulations, 
and adopt such procedures, not in conflict with 
the Constitution and By-Laws, as may be 
necessary to the proper discharge of their re- 
spective functions. The rules, regulations 
and procedures so made or adopted may be 
repealed, discontinued, modified or supple- 
mented by the Board of Trustees, whenever, 
after the General Committee of Revision and 
Executive Committee of Revision shall have 
been given opportunity to be heard, the Board 
of Trustees shall determine that such rules and 
regulations or procedures are in conflict with 
the Constitution and By-Laws of the Pharma 
copeial Convention, or are insufficient to insure 
the accuracy of the text of the Pharmacopeia 
and full consideration of all proposed changes 
in, and additions to, the text. 

Article V. The General Committee of Re- 
vision shall decide all questions referred to it 
by the Director of Pharmacopeial Revision or 
by the Executive Committee of Revision. 

Article VI. Vacancies in the General Com- 
mittee of Revision shall be filled by the Direc- 
tor of Pharmacopeial Revision with the advice 
and consent of the General Committee of Re- 
vision and of the Board of Trustees. 

Article VII. The Executive Committee of 
Revision may recommend to the Board of 
I'rustees the removal of any member of the 
General Committee of Revision. 

Article VIII. The Executive Committee of 
Revision shall execute such orders or resolu- 
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tions as have been assigned to it by the Phar- 
macopeial Convention, the General Committee 
of Revision, or the Board of Trustees. The 
Executive Committee shall assist in prepara- 
tion of manuscript and reading of proof for 
The United States Pharmacopeia. It shall pro- 
mote pharmacopeial research and assist in 
making preparation for the ensuing revision. 
The business of the Executive Committee of 
Revision may be conducted by correspondence. 

Article IX. At least one year before the 
decennial meeting of the Pharmacopeial Con- 
vention, the Executive Committee of Revision 
shall prepare and publish an outline of specific 
classifications of service deemed necessary to 
the efficient prosecution of the work of the 
next revision of The United States Pharma- 
copeia, and the number of persons to be elected 
in each classification. This outline shall be 
followed in submitting to the Nominating 
Committee, names of persons to be considered 
for membership on the General Committee of 
Revision, to be elected at the forthcoming 
Pharmacopeial Convention. 

Article X. Vacancies occurring in the Ex- 
ecutive Committee of Revision shall be filled 
by vote of the members of the subcommittee in 
which the vacancy has occurred. 


CHAPTER VII.—THE DIRECTOR OF 
PHARMACOPEIAL REVISION 


Article I. The Director of Pharmacopeial 
Revision shall be elected by the Board of Trus- 
tees as provided by the By-Laws. He shall 
hold office until his successor shall have been 
elected by the Board of Trustees. In case of a 
vacancy in the position of Director of Pharma 
copeial Revision, the Secretary of the General 
Committee of Revision shall act as Director 
until such time as a new Director shall have 
been elected by the Board of Trustees. 

Article II. The Director of Pharmacopeial 
Revision shall act as Chairman of the General 
Committee of Revision and of the Executive 
Committee of Revision. The Director of 
Pharmacopeial Revision shall have charge of 
the work of revision, and shall prepare the 
final manuscript of The United States Phar- 
macopeia. 

Article III. As promptly as possible after 
the election of the members of the General 
Committee of Revision, the Director of Phar- 
macopeial Revision shall call the members of 
the General Committee together for the pur- 
pose of organization and transaction of such 
other business as may be necessary to promote 
the work of revision. 
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Article IV. The Director of Pharmacopeial 
Revision shall appoint all subcommittees, re- 
search and other committees and scientific 
collaborators, with the advice and consent of 
the General Committee of Revision and of the 
Board of Trustees. He shall present an annual 
report to the Board of Trustees and shall also 
present a decennial report of the General Com- 
mittee of Revision at the decennial meeting of 
the Pharmacopeial Convention. 

Article V. The Director of Pharmacopeial 
Revision, with the advice and consent of the 
General Committee of Revision and of the 
Board of Trustees, shall fill any vacancy in 
the General Committee of Revision by ap- 
pointment. 

Article VI. The salary of the Director of 
Pharmacopeial Revision shall be determined by 
the Board of Trustees. 

Article VII. The Director of Pharmacopeial 
Revision shall be a member, ex-officio, of the 
Board of Trustees without vote. 


CHAPTER VIII.—THE NOMINATING 
COMMITTEE 


ArticleI. The Nominating Committee shall 
consist of the chairmen of the ten subcommit- 
tees together with two medical members and 
two pharmaceutical members of the Pharma- 
copeial Convention, to be selected by the Board 
of Trustees, and who are not (1) members of 
the General or of the Executive Committee of 
Revision or of the Board of Trustees, (2) 
salaried employees or (3) officers of the Phar- 
macopeial Convention. The Nominating 
Committee shall be organized at least one year 
prior to the decennial meeting of the Pharma- 
copeial Convention and shall elect its own 
Chairman. The Secretary of the Convention 
shall serve as Secretary of the Nominating 
Committee. 

Article II. At least seven months prior to 
the decennial meeting of the Pharmacopeial 
Convention, the Secretary of the Nominating 
Committee shall issue to all institutions, and 
organizations, and designated divisions of the 
federal government, entitled to representation 
in the Pharmacopeial Convention, as provided 
by Article II, Section 1, of the Constitution, 
and to members of the General Committee of 
Revision, a request to submit to the Secretary 
of the Pharmacopeial Convention the names of 
persons whose qualifications entitle them to 
consideration as nominees for membership on 
the General Committee of Revision. Each 
name submitted shall be accompanied by a 
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statement on a form supplied by the Nominat- 
ing Committee indicating affiliations, academic 
and professional backgrounds, and the qualifi- 
cations for the specific classification or classi- 
fications of membership on the General Com- 
mittee of Revision, as set forth in the outline 
referred to in Article IX of Chapter VI. All 
recommendations must be mailed to the Secre- 
tary by the first of December immediately 
preceding the calendar year of the decennial 
meeting. These recommendations shall be 
given primary consideration by the Nominat- 
ing Committee in selecting nominees for mem- 
bership on the General Committee of Revision. 

All recommendations received by the Secre- 
tary shall be submitted to the Nominating 
Committee not later than January 1 of the 
Convention year. 

Article III. At the decennial meeting of the 
Pharmacopeial Convention, the Nominating 
Committee shall submit to each delegate or 
alternate at the time when he presents his cre- 
dentials to the Credentials Committee, a list 
of names of forty persons qualified in the medi- 
cal sciences and eighty persons qualified in the 
pharmaceutical and allied sciences whom it 
deems qualified to serve on the General Com- 
mittee of Revision, together with a statement 
covering (1) the classification or classifications 
of the work of revision for which each of them 
is best qualified and (2) the affiliations, aca- 
demic arfd professional backgrounds and spe- 
cific qualifications of each nominee. 

The Nominating Committee shall indicate, 
whenever possible, twice the number of quali- 
fied persons to be elected to meet each need 
shown in the outline prepared and published 
by the Executive Committee of Revision. 

Nominations from the floor for members of 
the General Committee of Revision shall be 
seconded on the floor by at least four delegates. 
Each nomination shall be prepared on the official 
form which shall provide information covering 
(1) the classification or classifications of the 
work of revision for which the nominee is best 
qualified and (2) the affiliations, academic and 
professional background of the nominee. The 
completed form shall be presented at once to 
the Secretary of the Convention. 

At the final session of the decennial meeting 
of the Pharmacopeial Convention, the Nominat- 
ing Committee shall provide for each delegate 
two official printed ballots. One ballot shall 
contain the names of those nominated from the 
floor for President, for Vice-President, for 
Secretary, and for Treasurer of the Pharma- 
copeial Convention, and for the six elected 
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members of the Board of Trustees as provided 
by the Constitution and By-Laws. The second 
ballot shall contain the names of those nomi- 
nated for the General Committee of Revision as 
recommended by the Nominating Committee, 
and also the names of those nominated from 
the floor, classified according to the outline of 
specific classifications of service prepared by 
the Executive Committee of Revision as pro- 
vided by Article IX of Chapter VI, and shall 
designate the number to be elected in each 
classification, as provided in said outline. 


CHAPTER IX.—THE COMMITTEES ON 
CREDENTIALS AND ARRANGEMENTS 


Article I. The Committee on Credentials 
shall consist of five members and shall be ap 
pointed by the President not less than two 
months before a meeting. 

The Chairman of the Board of Trustees and 
the Secretary of the Pharmacopeial Convention 
shall be members, ex-officio, of the Committee 
on Credentials. 

Article II. The Committee on Credentials 
shall examine carefully the credentials of all 
delegates or alternates. 
blank, leaving the names of the delegates and 
alternates to be inserted subsequently by other 
than the regularly constituted officers of the 
appointing or electing associations or institu- 
tions, shall not be accepted as meetirfg the re- 
quirements of this chapter. Immediately be- 
fore the meeting of the Pharmacopeial Conven 
tion, the Committee shall furnish its report to 
the Secretary of the Pharmacopeial Conven- 


Credentials issued in 


tion, who shall post in a conspicuous place in 
hall, a roll containing the 
names of the officers of the Pharmacopeial 
Convention, the Board of Trustees, the General 
Committee of 
whose credentials are unquestioned and ap 
proved. 

rhe Committee on Credentials shall make a 
report to the Pharmacopeial Convention con 


the convention 


Revision and those delegates 


cerning all credentials which have been ques 
tioned, or which appear to the Committee to 
be of doubtful validity. A majority vote of 
the members of the Pharmacopeial Convention 
is required to overrule a decision of the Com 
mittee on Credentials 

Article III. The 
ments shall consist of five members residing in 
City of 
D. C., or to such city as may have been selected 


Committee on Arrange 


or convenient to the Washington, 


by the Board of Trustees as provided in Article 
V of the Constitution, and appointed by the 
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President. It shall make the necessary 
arrangements for holding a meeting of the 
Pharmacopeial Convention. The President 
and Secretary of the Pharmacopeial Conven- 
tion and the Chairman of the Board of Trus- 
tees shall be members, ex-officio, of the Com 
mittee on Arrangements. 

Article IV. Vacancies in these committees 
shall be filled by appointment by the President 
of the Pharmacopeial Convention. 


CHAPTER X.—MEMBERS 


Article I. Each person designated as a dele- 
gate to the Pharmacopeial Convention shall 
present his credentials to the Committee on 
Credentials and upon report by that Com- 
mittee that the credentials are unquestioned 
shall be admitted as a member of the Pharma- 
copeial Convention. All cases of doubtful or 
disputed credentials shall be finally settled by 
the Pharmacopeial Convention after report 
upon them shall have been made by the Com 
mittee on Credentials. 

Alternates of absent accredited delegates are 
subject to the foregoing provisions. 

Article II. Resignations of membership in 
the Pharmacopeial Convention shall be made 
in writing to the Secretary of the Convention. 
All resignations shall be acknowledged in writ 
ing by the Secretary and shall be reported to 
the Board of Trustees. 

Article III. 


expelled for improper conduct or for violation 


Any accredited delegate may be 


of the Constitution or By-Laws bv a vote of 
not less than two-thirds of the accredited dele 
gates present and voting. 


CHAPTER XI.—MEETINGS 


Article I. 
Convention shall be held as provided in Article 
V of the Constitution. 

Article II. 


decennial meeting of the Pharmacopeial Con 


Meetings of the Pharmacopeial 


The order of business of each 


vention shall be as follows, with such other 
items as the President of the Convention may 
direct. After the first session, the Secretary of 
the Convention shall read the minutes of the 
preceding session immediately after the call 
procedure 


to order. On all questions of 


Robert's rules of order shall prevail 


1. Call to order. 
2. Report of the Committee on Creden 
tials and roll call. 
President's address. 
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Report of the Secretary of the Phar- 
macopeial Convention. 

Report of the Treasurer of the Phar- 
macopeial Convention. 

Reports of: 

Chairman of the Board of Trustees. 

Secretary of the Board of Trustees. 

Director of Pharmacopeial Revision. 

Revision Committee, on general 
principles of revision. 

Special committees. 

Proposed amendments to the Consti- 
tution. 

Nominations for President, Vice-Pres- 
ident, Secretary, and Treasurer, 
and for the six elected members of 
the Board of Trustees. 

Report of the Nominating Commit- 
tee on nominees for membership on 
the General Committee of Revision 
(with opportunity for nominations 
from the floor). 

Reports of Committees. 

Resolutions and new business. 


Final Session 


Announcement of the name of the Di 
rector of Pharmacopeial Revision. 
Election by vote on the official ballot, 
of the President, Vice-President, 
Secretary, and Treasurer, and of the 
six elected members of the Board 

of Trustees. 
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3. Announcement of the result of the 
election of officers and Board of 
Trustees. 

Election by vote on the official ballot, 
of members of the General Commit- 
tee of Revision. 

Announcement of the result of the 
election of the General Committee 


of Revision. 
Installation of the officers-elect. 
Resolutions and new business. 
Adjournment. 


CHAPTER XII.—THE CORPORATE SEAL 


Article I. The seal of the Corporation shall 
contain the words: “The United States 
Pharmacopeial Convention. |Corporate— 
1900—Seal, D.C.” 


CHAPTER XIII.—AMENDMENTS 


Article I. Every proposition to alter or 
amend these By-Laws shall be submitted in 
writitig, subscribed to by at least five delegates, 
to the Secretary of the Convention who shall 
present it at the same session of the Conven- 
tion. It may be acted upon at any subsequent 
session of the meeting, when, upon receiving 
the votes of at least three-fourths of the ac- 
credited delegates present and voting, it shall 
become a part of the By-Laws. 
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Note 


A Note on the Vitamin Bw Activity of Oral Liver Extract* 


By GEORG CRONHEIM and WARREN DANNENBURG 


HE ISOLATION of vitamin By in crystalline form 
has made it possible to re-investigate the mech- 
anism of liver therapy of pernicious anemia. In this 
connection, the problem of the extrinsic and intrinsic 
factors and the differences in the therapeutic activity 
of oral and parenteral liver extract are of special in- 
terest. Recent studies by Berk and co-workers (1) 
and by Hall, et al. (2) have indicated that vitamin 
By may be identical with the extrinsic factor pres- 
ent in liver extract. However, in order to be effec- 
tive orally, it requires the presence of the intrinsic 
factor which is found in normal gastric juice 
Since oral U. S. P. liver extract is known to pro- 
duce a hematologic response in pernicious anemia 
without the addition of gastric juice, it was of in- 
terest to determine its vitamin By activity 
The presently used microbiological tests are not 
specific for vitamin By. when applied to liver. Shive, 
et al. (3), have shown that this material contains a 
substance, identified as thymidine, which can replace 
vitamin By in the microbiological using 
Lactobacillus lactis Dorner. The same situation also 
applies to Lactobacillus leichmannii |Snell, et al. 
(4)|. While no definite relationship has been estab 
lished as to their relative potency, the few published 
data indicate that vitamin By is several thousand 
times more active than thymidine. Since the test 
methods do not differentiate unequivocally between 
vitamin B,. and thymidine, we are reporting our re 
sults as vitamin B, activity 
In the present study seven samples of liver extract 
U. S. P. were investigated using Lactobacillus leich- 
mannit (ATCC 4797 ) as test organism (5) and a solu- 
tion of crystalline vitamin By as standard.' Con- 
trols were made with different dilutions of the liver 
preparation and constant amounts of vitamin By, 
as well as with constant dilutions of the liver extract 
and different amounts of B, added. In no case did 
the individual results vary by more than #15°; 
from the arithmetic mean of all tests for a given 
liver preparation 
The results indicate fairly wide variations in the 
vitamin B,, activity of oral liver extract. This is not 
surprising if one considers that these preparations 
are not standardized individually. They are made 
according to an accepted and approved procedure 
but the starting material (fresh liver may and prob- 
ably does vary from batch to batch 
It has been suggested to estimate the vitamin By. 
content of liver by difference since this vitamin can 
be completely inactivated by autoclaving for twenty 
minutes in 0.002 .V sodium hydroxide. Any activity 


tests 


*® Received December 14, 1949, from the Research De- 
partment, The S. FE. Massengill Company, Bristol, Tenn 

' We are indebted to Merck and Co. for a supply of vita- 
min Bi 


TABLE I.--ViTaMIN By Activity oF COMMERCIAL 
OrAL Liver Exrract* (1 U. S. P. Orat UNIT IN 
45 Cc.) 


-—Vitamin By Activity Equiva— 
lent 
Age of 7/Ce 
Prepa- Not 
ration, 
Years 


7/U. S. P. 
Auto- Auto- Oral 
claved claved Unit 


0 0 36 

0 148 
0 135 
0 140 

<0.1 30-32 
0.2 23-31 
0.3 23-36 

* We are indebted to Valentine's Meat Juice Company, 


Richmond, Va., and to Armour Laboratories, Chicago, Il , 
for the oral liver extract. 


left after subsequent neutralization is supposedly 
produced by substances other than vitamin B,. 
If this assumption is correct, the activity in the oral 
liver extract from Company A is due entirely to 
vitamin B,. while the corresponding figure for the 
product from Company B would bave to be reduced 
by about 30° 

The daily dose of the tested liver extracts is 45 cc., 
and represents a vitamin By activity equivalent to 
from about 30 to 140 y per day. This is considerably 
more than the 5 y doses of crystalline vitamin By 
found to be effective by Berk (Joc. cit) and by Hall 
(loc. cit) when given orally together with gastric juice 
to pernicious anemia patients. It agrees, however, 
with the finding that a hematologic response fol- 
lowed the daily oral administration of 60 y of crys- 
talline vitamin By. to a patient with pernicious 
anemia (6) 


SUMMARY 


The vitamin By activity of oral liver extract, 
U.S. P. has been measured microbiologically. The 
results have been discussed with reference to the 
oral use of crystalline vitamin By in pernicious 
anemia. 
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with NEW Mallinckrodt 
Fused Label Rx Shelf Bottles 


The very latest thing in shelf bottles. De- 
signed to relieve your over-crowded shelves. 
Combines shel f-saving feature with virtually 
indestructible fused-in-bottle labels. Offers 


modernization without duplicating stocks. 


5 OF THE NEW equals 
4 oF THE OLD 


Potassium 
lodide 


For Prescription Use 


Potassii 
lodidum 


ENGLisH LABEL 
OW reverse SIDE 


83 Soars of Service lo Chemical Users 


Mallinckrodt Chemical Works 


Mallinckrodt Street, St. Louis 7, Mo. 
72 Gold Street, New York 8, N. Y. 
Chicago + Cincinnati + Cleveland + Los Angeles 
Montreal + Philadelphia * San Francisco 


Uniform, Dependable Purity 


LOOK AT THESE FEATURES: 


Seve over 4 feet of shelf space on complete set of 100 bottles. 
Fused labels — washable — virtually indestructible. 

Bottles sold EMPTY—wuse chemicals now in stock. 

Your choice of labels. 

Eesier to grip—conceve sides fit the hand. 


. Duel labels—Latin label for display —English for work. 
. 100 fast moving items chosen from The Prescription Study Of The 
Pharmacevtical 


Survey. 
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MAIL THIS COUPON TO YOUR WHOLESALER TODAY. 


Please send me 
Mallinckrods R 
(Case of 25 
$3.00 per case, F.O.B. Si. 
Angeles.) 


Retail Druggi 


Address. 


City. 


i 1. Increase shelf space 25% 
= 2. 
3. 
4. 4 
6. 
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* Please shi of 100 New 
for same. These will be freight free in the USA. 
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HESPERIDIN METHYL CHALCONE 


(A water soluble “Vitamin P” Drug) 


THE MANUFACTURING PHARMACIST now has available 
in one moderately priced material an infinitely soluble yet 
non-hygroscopic powder sufficiently stable for production 
of parenteral as well as peroral preparations. 


TO THE PHYSICIAN it provides a quickly assimilated yet 
safe drug...a completely water soluble derivative of citrus 
hesperidin. 


HESPERIDIN METHYL CHALCONE was developed by the 
Research Laboratories of The California Fruit Growers 
Exchange shortly after Szent-Gyorgyi’s announcement of 
“Vitamin P.” 


CALIFORNIA FRUIT GROWERS EXCHANGE 
PRODUCTS DEPARTMENT + ONTARIO, CALIFORNIA 


400 West Madison Street, Chicago, Iilinois 99 Hudson Street, New York City 


SUPPLIED TO PHARMACEUTICAL FIRMS SERVING THE MEDICAL PROFESSION 


NOW AVAILABLE IN COMMERCIAL QUANTITIES! 
Exclp 


